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No. 1 in a series 


Right off the C0/72e _ 


An all-electronic telephone ex- 
change (said to be the first for 
commercial use) has no moving 
parts, is noiseless and can be 
used in explosive atmospheres. 
It includes a “memory” which 
will hold an incoming call. 


wm 
Wire can be strung beside a rail- 
road track by a new travelling 
crane at the rate of 60,000 feet 
per hour. 


YV 
Simplex recently completed one 
of the largest and heaviest ship- 
ments of cable ever transported 
on one reel nearly two miles 
of ANHYDREX XX insulated 
submarine cable weighing 60 
tons. 

os 
A new rubber-like material is 
porous, but will contain liquids. 


VW 
Boron, lithium, hydrogen _per- 
oxide and fluorine compounds 
are to be the fuels of a new 
bomber reported to be in the 
design stage 

és 
Smog-causing chemicals from 
automobile exhausts can be elim- 
inated by a chemical catalyst 
developed by an automobile 
manufacturer. 
Improvements in the explosive 
rivet have made it noiseless. 

Es 
Only the touch of a hand is 
needed to light a new lamp. The 
electricity in the hand does the 
work. 
Thorium is about three times as 
plentiful as uranium. A new proc- 
ess for the production of reac- 
tor-grade thorium should lead to 
a reduction in the cost of atomic 
fuel. 


wm 


A high-output ultraviolet lamp, 
for heating and air-conditioning 
ducts, is claimed to be 1,000 
times more effective in killing 
viruses and bacteria than an 
equal amount of radiation from 
the sun. 


The world’s largest solar furnace 
is to be completed in 1959. It 
will produce temperatures as 
high as 8,000°F, which is about 
70% of the temperature of the 
sun's surface. 
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WwW 
An ultra-hard glass has been de- 
veloped that retains its hardness 
up to 1508°F. 


a 

The cost of converting sea water 
to fresh water has been reduced 
from $1.50 to 60 cents per thou- 
sand gallons. 

“Talk-back TV”’, a new advance 
in educational television, enables 
a pupil to ask questions of a 
teacher who is broadcasting from 
a distant room. 


Scientists have been able to pro- 
duce shock waves with speeds of 
more than 100,000 mph (above 
Mach 150) involving tempera- 
tures higher than 100,000°F. 


a 
Some 1958 automobiles are using 
aluminum instead of copper in 
battery cables. 
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Ww 

The first deep sea telephone 
cables to utilize the revolution- 
ary new Bell Laboratory vac- 
uum tube repeaters were manu- 
factured by Simplex. Minimum 
tube life is expected to be 20 
years. 


Ww 
Danish trawlers are using nylon 
propellers. The four-foot, three- 
bladed size weighs only seven- 
teen pounds and they reduce vi- 
bration, resist impact damage 
and corrosion. 


we 
A cell that generates electricity 
by the chemical action of oxygen 
and hydrogen has been an- 
nounced. It avoids some of the 
disadvantages of both dry cells 
and storage batteries. 

és 
An airplane has been built which 
can change its shape while in 
flight for the purpose of testing 
aerodynamic configurations. 


See us at Booth 1124 Plant Maintenance & Engineering Show, Chicago 


C-L-X (Sealex) is the name of a 
new, completely sealed, corru- 
gated metallic cable sheath 
manufactured by Simplex. It is 
pliable, moistureproof, and per- 
mits cable engineers to select 
the most economical cable cores, 
while assuring the greatest me- 
chanical protection available. 


W 
Observations of the aurora dur- 
ing the Geophysical Year show 
that it occurs simultaneously at 
both the North and South Poles. 
This definitely identifies it with 
the earth’s magnetic field. 


ew 


W 
A miniature battery about the 
size of a paper clip is said to de- 
liver a steady flow of current for 
176,000 hours. 
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Shirtsleeve Service 


Simplex recently completed an order 
for 4600 ft. of Anhydrex XX Parkway 
Cable. The Simplex man was on the 
spot to help with installation, whit 
happened to be on a 9,500 ft. mountain 
in rough terrain. He helped design : 
reel mounting bracket (for holding up 
to 7200 Ibs.) for the front of the tractor 
used for laying. He supervised the lay- 
ing of two lengths 2200 feet long. 

This case typifies the kind of coopera- 
tion that Simplex offers in order to as 
sure correct installation and satisfac 
tory service. 
SIMPLEX WIRE & CABLE CO. 


Cambridge, Massachusetts and 
Newington, New Hampshire 
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... pipes or purses 





... cleats or clay pigeons 





... galoshes or golf balls 


Better Products begin with CABOTI 


Whether they’re smoked, shot at, or whacked with a 2-iron, products containing 
Cabot raw materials contain a precious plus. 

The plus comes from 75 years of Cabot know-how...three quarters of a century 
spent in intimate association with industry, its markets, and its problems. From 
this rich storehouse of experience ... from the wide variety of Cabot raw materials 
. » » May come the product plus you’ve been looking for. 

Whatever you make, it costs nothing to find out if Cabot can put a plus in your 
product. Why not put a call in... today? 


WHICH OF THESE CABOT MATERIALS CAN HELP YOUR PRODUCT? 








CABOT CARBON BLACKS... more than 45 different grades unusual combination of properties. Used for rubber, paint, varnish, 

of channel, furnace and thermal blacks for use by the rubber, print- printing ink, plastics, lubricants, cosmetics, many other products. 

ing ink, paint, varnish, iacquer, enamel, plastics, paper, phono- / 

graph record, battery and other industries. PT® PINE TAR PRODUCTS ... these versatile quality con- 
trolled materials improve the performance of a wide variety of 

WOLLASTONITE .. . as a paint pigment, this white, uniform _ products, including: rubber, paint, cordage, oakum and insecticides. 

calcium metasilicate, has more desirable properties than other 

extenders used singly or in combination. Excellent for ALL types 

of paint, and for the quality improvement of wall tile and semi- 

vitreous ceramics. 


nie de miats iis init ee n For complete information, phone or write: 
-O- . . . this unique colloidal silica, in extremely sma 
quantities, greatly improves large numbers of products. The best GODFREY L. CABOT, INC. cheer 


flow control agent available, it’s especially remarkable for its 77 FRANKLIN a : “Liberty 2.7300 ASSACHUSETTS 
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at Avco—1957 


Pictured above is our new Research and Devel- 
opment Center now under construction in 
Wilmington, Massachusetts. Scheduled for com- 
pletion this year, the ultramodern laboratory 
will house the scientific and technical staff of 
the Avco Research and Advanced Development 
Division. 


Science and Progress 


Truly significant discoveries and technical progress are the goals of the Avco 
Research and Advanced Development Division. Some of the Avco RAD record 
of accomplishments are contained in professional papers in scientific and tech- 
nical journals. Much of it is classified for reasons of military security. But the 
following public announcements serve to outline some of the steps taken by 
RAD—the “Breakthrough” Division of Aveo—in pursuing its goal for 1957: 


February 11, 1957..... Site Prepared for Avco RAD Center 


Apel 5, 1987 ......... Avco to Make Hypersonic Shock Tubes for Industry, Univer- 
sities, Other Research Groups 
pg | ae Avco to Develop New Radio Pack Set for Marine Corps 
ge | Prime $111 Million Contract Announced for Development by 
Avco of Nose Cone for Intercontinental Ballistic Missile 
August 28, 1957...... Avce Shock Tube Research Has Produced Theoretical Break- 


through on 5000-Mile Air Force Ballistic Missile 


November 23, 1957.... Tiny “Building Blocks’”’ Revolutionize Computer Design and 
Construction 


December 3, 1957... ..Avco to Build Air Force Combat Computer 


Avco’s record during the past year is significant from scientific, technical and 
business points of view. It has been made possible by sustained effort at RAD 
to maintain an atmosphere conducive to creative thinking and production of 
the highest order. 









Hesearch & Advanced Development 





Avco’s new research division now offers unusual 
and exciting career opportunities for excep- 
tionally qualified and forward-looking scien- 
tists and engineers. 

Write to Dr. R. W. Johnston, Scientific and 
Technical Relations, Avco Research and Ad- 
vanced Development Division, 20 South Union 
Street, Lawrence, Massachusetts. 
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Here's What Compressor Engineering at Ingersoll-Rand 


YOUR ENG/NEERING CAREER 


wih INGERSOLL-RAND 


Seven electric-driven Ingersoll-Rand reciprocating compressors totaling 21,900 horsepower are at work in this large 
units in the foreground compress mixed gases to more than 12,000 pounds per square inch. 





can mean to you... 


DAY, air power is one of the industry’s 
‘Tees vital requirements. Compressed air 
and gases are the “breath of life” to chemical 
and process industries, refineries, power 
plants, steel mills, manufacturing plants, 
mines and all types of construction jobs. 
Hence, compressor and blower engineering 
offers an exciting and ever-expanding field of 
challenging opportunities that are virtually 
industry-wide. 

Ingersoll-Rand is the world’s largest man- 
ufacturer of air and gas compressors and 
Turbo-Biowers — supplying over 1000 differ- 
ent sizes and types, ranging from ¥2 hp to 


17,250 hp, in pressures from vacuum to 
35,000 psi. 

Ingersoll-Rand also manufactures pumps, 
rock drills, diesel and gas engines, vacuum 
equipment, blowers, air and electric tools 
and specialized industrial machinery as illus- 
trated at the right. These products require 
engineering know-how in their design, manu- 
facture and field application. 

If you are looking for a leadership career 
with long-range job security and excellent 
opportunities for advancement, you'll find 
it at Ingersoll-Rand. For further details, con- 
tact your Placement Office, or write to 
Ingersoll-Rand, 11 Broadway, New York 4. 


OPPORTUNITIES for ENGINEERS NOW AVAILABLE: 


© Sales Engineering 


@ Design Engineering 


1-711 


® Production Engineering 


e Business Engineering 


Ingersoll -Rand 


11 Broadway, New York 4, N. Y 









also means 
LEADERSHIP 

















Diesel & Gas Engines 
Among the many graduates of Massachusetts Institute of Technology at Ingersoll-Rand are: 
L. C. Hopton, 1926, First Vice-President and Secretary; P. J. Bentley, 1925,Vice-President. 
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Instron - 
the 
tester 
that 
stretches 
dollars 


Testing equipment dollars, that is. Here’s how: 

in testing metals, plastics, rubber, textiles, wire, adhesives, 
and many other materials, the Instron Universal Tester 
stretches equipment dollars simply because it saves money. 
And it saves money — and time — and trouble — 

simply because it does more... more accurately. 

For facts booklet, write: 


> \INSTRON 


ENGINEERING CORPORATION 
446 Hancock Street, Quincy 71, Massachusetts 
Harovp Hinpman ’39 II Georce S. Burr ’41 VIII 











PHYSICISTS, 
MATHEMATICIANS, 
ENGINEERS 


are invited to join the Lincoln Laboratory 
scientists and engineers whose ideas have 
contributed to new concepts in the field 


of electronic air defense. 


A brochure describing the following Laboratory 
programs will be forwarded upon request. 
HEAVY RADARS 

‘MEMORY DEVICES 

TRANSISTORIZED DIGITAL COMPUTERS 
SCATTER COMMUNICATIONS 

SOLID STATE 

(air-borne early warning) AEW 
(semi-automatic ground environment) SAGE 


SYSTEMS ANALYSIS 


In certain of these programs, positions of 
significant professional scope and responsibility 
are open to men and women with superior qualifications. 


RESEARCH AND DEVELOPMENT 


. M | "Tuncotn LABORATORY 


Box 28, Lexington 73, Massachusetts 
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Capitalizing on Ability. — Society — especially a tech- 
nological one — can best capitalize on the work of men 
of high talent if its men of ability operate in an environ- 
ment of creative and intellectually challenging eppor- 
tunities. Management plays a considerable role in this 
matter, for aristocrats of mind cannot be successfully 
directed by proletariats of management. Such, in the 
main, is the thesis of FREDERICK HarsBison whose article 
in this issue (page 151) was originally delivered before 
the Twentieth Anniversary Conference of the M.LT, 
Industrial Relations Section on November 1. Author 
Harbison was educated at Princeton University where 
he received the B.A., M.A., and Ph.D. degrees in 1934, 
1938, and 1940, respectively. His research studies have 
been in the field of the labor problem in economic de- 
velopment in various countries, and he is co-author he 
Patterns of Union-Management Relations and Goals a 
Strategy in Coll°ctive Bargaining. Dr. Harbison has been 
professor of industrial relations and executive officer of 
the Industrial Relations Center of the University of Chi, 
cago. At present, he is professor of industrial relations 
and director of the Industrial Relations Section at Prince- 
ton University. He is a member of the American Eco- 
nomic Association and of the American Academy of 
Arbitrators. 


Pinnacle of Reliability. — The problems of designing 
and installing a transoceanic telephone cable are vastly 
more difficult than that of producing a satisfactory cable 
for telegraphy, or even of providing transoceanic radio 
communication, and required years of research. How 
this feat was accomplished is told (page 155) by 
H. A. AFFEL who studied electrical engineering at M.L.T. 
and was graduated with the Class of 1914. After gradu- 
ation, Mr. Affel spent two years as research assistant in 
the Department of Electrical Engineering at the Institute 
before joining the Bell System. From 1916 to 1934 he 
was a member of the Department of Research and De- 
velopment of the American Telephone and Telegraph 
Company, and joined the Bel] Telephone Laboratories 
in 1934. In 1944 he was made director of transmission 

(Concluded on page 138) 








Ward Baking Company 
Merkle & Elberth 
Architects 








New problem for many executives 


If the responsibility for having a new building erecied has 
been placed in your lap, you'll tind smoother going by 
engaging a builder of proven ability and experience. 

We offer over 40 years of know-how, gained in giving 
fast, superior service to over 400 clients. More than 70% 
of our business is repeat contracts. 

W. J. BARNEY CORPORATION 
Founded 1917 
INDUSTRIAL CONSTRUCTION 
101 Park Avenue, New York 
Alfred T. Glassett, ‘20, President 
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ASSURED BY 15 SITE-ERECTED STAINLESS TANKS 


Half a million gallons of Mogen David Wine Corporation’s popular Key wines are 
blended and stored in 15 stainless tanks site-erected by Graver at Chicago’s newest 


ALLOY DIVISION 


JANUARY, 1958 


winery. Graver crews erected four tanks, 18’6” diameter x 286” high, and eleven tanks, 
14’ diameter x 18’3” high, all of Type 304 stainless steel. By the selection of stainless 
steel, the distinctive flavor of 3 entirely different Key Wine brands is maintained con- 
sistently during storage and blending. If flavor and purity are factors in your product, 
be sure to consult with Graver engineers. 


GRAVER TANK & MEG. CO. NC. 
EAST CHICAGO, INDIANA e NEW YORK e PHILADELPHIA « EDGE MOOR, DELAWARE 
PITTSBURGH ° DETROIT . CHICAGO - TULSA ~ SAND SPRINGS, OKLAHOMA 
HOUSTON e NEW ORLEANS ¢ LOS ANGELES ¢ SAN FRANCISCO ¢ FONTANA, CALIFORNIA 
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ae (Concluded from page 136) 

Made to Your nee oe ' = 
Specifications development, and at present Mr. Affel is assistant vice- 

president of the Bell Telephone Laboratories, Inc. 
You and we can form a Decaying Era of Mobility. — A century ago canal 
team—you to draw up routes provided one of the more popular ways of travel- 
the specifications; we to ing through eastern portions of the United States, or of 
make the gears—that shipping one’s products to market. For the most part, 
will be profitable to canals have long since given way to more modern modes 
both of us. Gears of all of transportation, and their contribution to the nation’s 
types, all sizes, all ma- growth is a chapter of history now seldom opened for 
terials. Design-en neer- review. The era of planning, growth, competition, and 
ing service available. final decay of three important canals in the northeastern 
United States is fetchingly presented (page 159) by 
FrepERIC W. Noropsiek, 31, who traversed, on foot, 
Custom Gears much of the region about which he writes. Mr. Nordsiek 
Exclusively is a native New Yorker whose foreign travel brought him 


to Cambridge for a four-year stint at M.I.T. from which 
he received his degree in Biology and Public Health in 
DIEFENDORF GEAR 1931. Since his graduation, Mr. Nordsiek has had wide 
CORPORATION experience in research and administration in the food 
industry and in public health activities. From 1943 to 
1951 he was assistant director, Research Service Depart- 
ment of Standard Brands, Inc. Since 1951 he has been 
associated with the American Cancer Society as assistant 
secretary, Research Committee (1951-1955), and execu- 
tive officer, Research Department (1955-1957). Cur- 
rently, Mr. Nordsiek is special assistant, engaged in or- 
ganizing and administering research grants programs. He 
has been an editorial associate of The Review since 1941, 
and has achieved considerable success as a writer on a 
wide variety of technical and nontechnical subjects. 


Syracuse 1, N. Y. 








Recent books from The Technology Press 


THe Tao oF SCIENCE 


An Essay on Western Knowledge and Eastern Wisdom 


FREE BOOKLET TELLS WHAT bes bear ie 
€O. CAN DO FOR YOU by R. G. H. Sin $6251)... 

















7 Ce PY SEE An American scientist with roots in the Orient comments Ww: 
eres practically no en °o je importan 4 ;. oa » : 
meineithiaie ites dine GO, ~aaudband with Oieeti = western — and American educational and qt 
chemistry Carbonic savvy—is doing. Chances are ousiness methods. us 
metals this combination can come up with some 
electronics surprising answers for you, too. For q m 
refrigeration scores of CO, applications, covering all ea 
food industry, send for LIQUID’s new free . ve via 
drugs \ booklet, “Applications Unlimited.” Just SovieT EDUCATION FOR SCIENCE D 
textiles use the coupon below. 
rubber | MAIL THIS COUPON AND TECHNOLOGY “ 
r€ 
e eee eeeeeeee 
LIQUID CARBONIC by Alexander Korol $8.50 m 
DIVISION OF GENERAL DYNAMICS CORPORATION ta 
3100 South Kedzie Avenue, Chicago 23, Illinois A timely and authoritative analysis of Soviet education, bl 
Send me my free copy of “Applications Unlimited.” including a detailed comparison of MIT with Soviet - 
ome a0 institutions. I 
Company 
Pesition Both books are published jointly with John Wiley & Sons _ 
Addr B: 
City re Order from your bookseller $1 
C 
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VIEW 





_, together, they’re solid 





Apart, they’re liquid.. 


... helping make parts for your car, 
your television set, and even your tableware 


THESE TWO LIQUIDS flow as freely as 
water. Yet when poured together they 
quickly turn into a solid — without the 
use of heat or pressure. Harder than 
many metals, the resulting plastic is 
called epoxy. 

Delicate parts for television, radio, 
and other electronic equipment are em- 
bedded in epoxies to protect them from 
moisture and vibration. And, in durable 
tableware, epoxy adhesives seal knife 
blades in their handles with a strong, 
permanent bond. 








BAKELITE, VINYLITE, and KRENE Plastics 
SYNTHETIC ORGANIC CHEMICALS 
Crac Agricultural Chemicals 


JANUARY, 1958 


PYROFAX Gas 
LINDE Oxygen 
Prest-O-LITE Acetylene 


Epoxies are so hard that they are 
used to make the huge dies that stamp 
out automobile trunk lids and hoods, 
airplane wing sections and other varied 
shapes. These dies are molded in about 
half the time it takes to shape all-metal 
dies . . . and, at substantial savings. 


Many industries are now looking to 
epoxies to make better things for you. 
Developing and producing epoxies — as 
well as such plastics as vinyl and poly- 
ethylene—is only one of the many impor- 
tant jobs of the people of Union Carbide. 


STUDENTS AND STUDENT AD- 
visers: Learn more about ca- 


reer opportunities with Union 
Carbide in ALLOYS, CARBONS, 
CHEMICALS, GASES, and PLAS- 
Tics. Write for “Products and 
Processes” booklet G-2. Union 
Carbide Corporation, 30 East 
42nd St., New York 17, N. Y. 
In Canada, Union Carbide Can- 
ada Ltd., Toronto. 


Ei Site}. 


CARBIDE 





UCC’s Trade-marked Products include 
UNION Calcium Carbide 
HAYNES STELLITE Alloys 


NATIONAL Carbons 
PRESTONE Anti-Freeze 
EvEREADY Flashlights and Batteries 





UNION CARBIDE Silicones 
Dynel Textile Fibers 
ELECTROMET Alloys and Metals 
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WILLIAM J. ROUNTREE CO., INC. 


( 
Ostatliihed 19/6 


* 


Steamship Agents, 
Operators, 
Charterers 


* 


REGULAR FAST FREIGHT SERVICE AROUND THE WORLD 


Main Office: NEW YORK 21 West Street Telex N. Y. 2601 
SAN FRANCISCO 20] Pine Street 
LOS ANGELES 609 S. Grand Avenue 


PORTLAND, ORE. 309 S. W. 6th Street 


Cable Address, All Codes, All Offices “Willtree” 


Lester Wolfe, President ’19 
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olivetti 


JANUARY, 1958 


The Olivetti Divisumma 24 is a new 
high-speed automatic calculator. It fits 
together the separate parts of a business 
figurework problem, combining them 
into a single continuing calculation. 
This eliminates re-entries, a frequent 
source of error, and saves considerable 
time. The machine, with its single 10- 
key keyboard and unique automatic 
constant and memory, is quite easy to 
operate. And, since no business compu- 
tation is complete until it’s on paper, it 
prints the full record of all calculations. 
For a demonstration, write Olivetti 
Corporation of America, 580 Fifth Ave- 


nue, New York 36, N. Y. 








Again... one of the most remarkable votes of 
public confidence in the history of American industry 


Pe Te von He cay ood 


1915 1916 1917 1918 1919 


Again in 1958... as in every single year for 43 consecutive years... 


MORE PEOPLE RIDE ON GOODYEAR TIRES 
THAN ON ANY OTHER KIND 


GOOD/SYEAR 


A a 
Watch ‘ ‘Goodye: ar Theater” on TV—every other Monday, 9:30 P.M., E.S.T. 
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At the sign of 
the three concrete domes 
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M.1.T. Photo 


Millstone Radar 


With an 84-foot parabolic antenna atop a 90-foot tower, this new radar equipment is intended for research in problems of 
ballistic missile defense. One of its first tasks was to observe and compute satellite trajectories, as first announced by J. A. 
Stratton, ’23, Acting President of M.1.T., at the November 18 meeting of the M.1.T. Club of New York. 
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The Technology 


BUT" 1 U0 


New Radar Checks Satellites 


@ Very large and high-powered, long-range radar 
equipment, recently developed at the Lincoln Labo- 
ratory of M.I.T., Lexington, Mass., has been detecting 
the Russian satellites, Sputnik I and II, at remote dis- 
tances. These detections have been assisted by, and 
have confirmed the accuracy of, predicted positions 
calculated from radio observations by Lincoln scien- 
tists and engineers. 

Since October 5, the day following the launching 
of Sputnik I, Lincoln scientists have observed by 
radio the passings of the Russian satellites over the 
northeastern United States. Starting on the first night 
with a single radio-receiving equipment at the Labo- 
ratory in Lexington, the Lincoln effort was expanded 
rapidly to include observations from four separate lo- 
cations. Tape recordings of Sputnik signals have been 
made on both the 20- and 40-megacycle frequencies. 
Correlation of data from these multiple sightings has 
made it possible to pinpoint positions of the satellites 
with considerable accuracy. 

The new radar equipment, located on Millstone 
Hill, Westford, Mass., first observed Sputnik II on the 
morning of November 7 at twelve minutes past five. 
From these observations, measurements of range, ele- 
vation, bearing and Doppler frequency were made. 
At this time the height of the satellite was 152 miles. 
But Sputnik observation is a “sideline” activity for the 


‘Millstone installation. 


The Millstone radar was designed for use as a re- 
search tool, primarily for the study of problems in 
ballistic missile defense. It will provide valuable in- 
formation on the operation and applications of high- 
power, long-range radar and will be of assistance in 
securing a better understanding of the radio effects of 
meteors and the aurora. 

Development of the Millstone radar required new 
tools and techniques in the design of both the radar 
and its associated equipment. Advances were made in 
transmitter power, in large antenna and mount me- 
chanics, and in other types of equipment. 

The Millstone Hill facility will support co-opera- 
tion between the U.S. Air Force and the Defense 
Research Board of Canada in research concerning the 
ballistic missile defense of North America. 
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The Trend of Affairs 


Report of the Treasurer 


@ The major trends and developments in Institute 

financial affairs for the fiscal year 1956-1957 are sum- 

marized below by Joseph J. Snyder, ‘44, Treasurer: 
1956-57 1955-56 Change 


Academic operations $ 19,489,000 $ 17,099,000 -+ $2,390,000 
Division of Sponsored 





Research 49,118,000 43,092,000 -+ 6,026,000 
Total funds 87,471,000 82,679,000 -+- 4,792,000 
Plont assets 41,309,000 37,980,000 -+ 3,329,000 
Gifts and grants 8,498,000 10,387,000 — _ 1,889,000 
Investments — market value 128,086,000 123,683,000 -+ 4,403,000 
Investments — book value 85,314,000 79,390,000 -+ 5,924,000 





Operations 


The operations of the Institute in 1956-1957 are set 
out in the following exhibit: 


Revenues and funds 1956-57 1955-56 | 








| 

| 

| Tuition and other income $ 6,458,000 $ 4,964,000 

| Investment income 1,793,000 1,890,009 
Gifts and other receipts 4,215,000 3,859,000 

| Contract allowances for indirect expenses 5,230,000 4,580,000 
Auxiliary activities 1,793,000 1,806,000 

| Total $19,489,000 $17,099,000 

| Expenses 

| Academic $ 8,116,000 $ 6,901,000 

| General and administration 6,272,000 5,237,000 
Plant operations 3,136,000 3,014,000 

| Auxiliary activities 1,965,000 1,947,000 

Total $19,489,000 $17,099,000 








For three successive years prior to 1955-1956, aca- 
demic expenses were in the six-million-dollar range. 
In 1955-1956 academic expenses approached the 
seven-million-dollar mark and for the fiscal year 
1956-1957, exceeded $8,000,000. This uptrend reflects 
the program in recent years to increase Faculty sal- 
aries and the compensation of Institute employees. 
The expense of Faculty and employee benefits has 
doubled in the last two years. The expense of benefits 
for all M.I.T. employees, including the Division of 
Sponsored Research, is in general and administration 
expenses. Faculty salary expenses in 1956-1957 were: 
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further increased by additional compensation pro- 
vided for summer session teaching occasioned by the 
change for the Faculty from ten and one-half months’ 
to nine months’ teaching duties, with no reduction in 
basic annual salary. 


Gifts 


The gifts for 1956-1957 are compared to 1955-1956 
in this table: 








1955-56 





1956-57 
Gifts for endowment $ 2,381,000 $ 2,404,000 
Gifts for buildings 731,000 1,134,000 
Gifts for current use — invested 1,330,000 2,176,000 
Industrial Liaison support 1,293,000 1,105,000 
Other funds for current use 2,763,000 3,568,000 
Total gifts $ 8,498,000 $10,387,000 











Substantial additions to endowment in 1956-1957 
included bequests from Mary C. Emery, Arthur E. 
Fowle, Glenn L. Martin, and Henry D. Warren. The 
second part of the grant from the Ford Foundation 
for faculty salaries was received during the year. Re- 
ceipts from the National Science Foundation and the 
Kresge Foundation made up the greater part of the 
gifts and grants received for buildings and equipment 
during the year. Gifts directly to the Alumni Fund of 
$356,179 are included in gifts for current use — in- 
vested and make up a part of the total of $641,371 
credited by the Alumni Fund Office. Contributions 
for the Faculty Salary Adjustment Fund are included 
in gifts for current use — invested in the amount of 
$518,000. Funds for staff compensation were also in- 
creased by a gift from the Alfred P. Sloan Founda- 
tion, Inc., included in other funds for current use. 


Funds 


Endowment and other funds increased by $4,792,- 
000 during 1956-1957: 














1956-57 1955-56 
Endowment for general purposes $34,902,000 $33,994,000 
Endo it for designated purposes 19,882,000 17,090,000 
Total endowment funds $54,784,000 $51,084,000 
Other funds 32,687,000 31,595,000 
Total funds $87,471,000 $82,679,000 











Total endowment resources of $54,784,000 on June 
30, 1957, compare with endowment funds of $41,248,- 
000 five years ago and $34,287,000 ten years ago. New 
endowment resources were added during the year for 
Faculty salaries, for the support of academic depart- 
ments, for undergraduate scholarships, and for plant 
operations. 

Increases were recorded in funds for the Faculty 
Salary Adjustment Program, for academic department 
purposes, in funds for the funding of Faculty tenure 
salaries and related expenses now met with other re- 
sources, in net realized gains on investment trans- 
actions, and in the reserve of unallocated investment 
income. These increases were offset in part by de- 
creases in building funds and unrestricted funds dur- 
ing the year. 

With retirement funds included, the total book 
value of funds on June 30, 1957, was $96,378,000. 
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Plant Facilities 


The Karl Taylor Compton Laboratories, including 
the Computation Center, and the nuclear reactor 
accounted for most of the $3,339,000 payments for 
construction added to educational plant in 1956-1957, 
Since the close of the fiscal year, the National Guard 
Armory on Massachusetts Avenue and Vassar Street 
was purchased by the Institute from the Common- 
wealth of Massachusetts, subject to an occupancy 
agreement of limited duration. The building funds on 
hand at the close of the year were fully committed 
but with gifts receivable were sufficient to meet all 
construction in progress and the cost of the Armory 
building. Construction of the David Flett du Pont 
Athletic Center adjoining the Armory will be under- 
taken during 1957-1958, and this structure will con- 
stitute the principal addition to academic plant in 
1957-1958. 

The book value of the educational plant of the In- 
stitute was $41,309,000 on June 30, 1957, compared to 
$37,980,000 on June 30, 1956. 


Investments 


The investment position of the Institute on June 30, 
1957, and June 30, 1956, is presented in the following 
table, which is exclusive of the investments of the 
M.I.T. Pension Association and the Supplementary 
Retirement Plan. 





June 30, 1957 June 30, 1956 











Book Marke? Book Market 
Value Value Value Value 
| General Investments 
| Bonds $42,550,000 $ 39,957,000 $38,704,000 $ 38,183,000 
Stocks 22,122,000 64,049,000 22,457,000 63,649,000 
Real estate 11,863,000 11,863,000 10,503,000 10,503,000 
Commercial 
paper 2,208,000 2,208,000 1,477,000 1,477,000 
Total $78,743,000 $118,077,000 $73,141,000 $113,812,000 
Special 
investments 4,791,000 8,229,000 4,765,000 8,387,000 
Student notes 
receivable 1,780,000 1,780,000 1,484,000 1,484,000 | 
oe” 21S : be a a 
| Total $85,314,000 $128,086,000 $79,390,000 $123,683,000 | 





Funds sharing in the income from the general in- 
vestments earned 6.14 per cent on the average book 
value compared to 6.29 per cent last year. This year 
5 per cent plus a special distribution of % of 1 per cent 
was allocated to the funds, which compares with 5 
per cent and 1 per cent, respectively, last year. These 
special distributions have been made from the reserve 
of unallocated investment income. The total income 
on the general and special investments in 1956-1957 
was $4,263,000, compared to $4,070,000 for the fiscal 
year 1955-1956. 

The proportion of the general investments in bonds 
at market value was 33.8 per cent on June 30, 1957, 
and 33.5 per cent on June 30, 1956; but the proportion 
of investment income from bonds increased from 25.1 
per cent to 30.1 per cent. At market values the pro- 
portion of the general investments in stocks decreased 
from 55.5 per cent on June 30, 1956, to 53.7 per cent 
on June 30, 1957; and the proportion of investment 
income represented by common stock dividends de- 
clined from 62.2 per cent to 57.0 per cent. 
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The increase in the funds of the Institute of 
$4,792,000 in 1956-1957 contrasts with the increase of 
$8,846,000 in 1955-1956. This reduced rate of growth 
was due in part to the receipt in 1954-1955 and 
1955-1956 of funds for construction and other pur- 
poses to be expended in 1956-1957 and in succeeding 
years. Construction payments were $3,339,000 in 
1956-1957 and $1,847,000 in 1955-1956. The growth 
in endowment funds in 1956-1957 was maintained at 
the level of the preceding year. 


Gerard Swope: 1872-1957 


® Gerard Swope, 95, former President of the General 
Electric Company and an Emeritus Life Member of 
the M.I.T. Corporation, died in New York City on 
November 20. He was 84 years old. 

An industrial leader noted for public service in so- 
cial, civic, and humanitarian fields, Mr. Swope began 
his career in 1893 with a dollar-a-day summer job as 
helper in the General Electric repair shops in Chi- 
cago. After receiving his S.B. degree in Electrical 
Engineering at M.LT., he began a 20-year climb from 
shopworker to vice-president and director of Western 
Electric Company. 

International tributes to his World War I service 
with the War Department included the Distinguished 
Service Medal, the Medal of Chevalier of the Legion 
of Honor, and the Order of the Rising Sun. 

Mr. Swope returned to the General Electric Com- 
pany in 1919 as first president of the International 
General Electric Company, and three years later he 
was elected president of General Electric. Under his 
direction from 1922 to 1939, G.E. mass production ex- 
panded from incandescent electric lamps to a wide 
range of electric appliances for home use. Mr. Swope, 
also closely identified with the development of radio 
and radio accessories, was a director of 18 companies 
in the electric and power industry. After his retire- 
ment in 1939, he served as chairman of the New York 
City Housing Authority and, during World War II, 
resumed the presidency of the General Electric Com- 
pany for two years. 

In addition to his contributions in the fields of busi- 
ness, science, and engineering, he headed numerous 
organizations working for improved housing, indus- 
trial stabilization, unemployment insurance, and so 
on. For his public service he received the gold medal 


‘of the National Academy of Social Sciences in 1932 


and the Hoover Medal in 1942. Mr. Swope was 
awarded honorary degrees by Union College; Rutgers, 
Colgate, and Washington Universities; Stevens Insti- 
tute of Technology; and Technion-Israel Institute of 
Technology, Haifa. He served as term member of the 
M.L.T. Corporation from 1914 to 1919 and was elected 
to life membership in 1923. 

Mr. Swope conceived of the Technology Loan 
Fund as a means of aiding students of limited finan- 
cial means to borrow money to pay tuition expenses. 
The Fund, which Mr. Swope collected—and to 
which he was a substantial contributor — became op- 
erative in September, 1930, and has since proven to 
be a most effective method of encouraging deserving 
M.L.T. students to invest in their own self-develop- 
ment. 
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On the Horizon 


February 4, 1958— Midwinter Meeting of 
Alumni Association, M.1.T. Campus in Cam- 
bridge. 

March 1, 1958 —12th M.I.T. Alumni Regional 
Conference, Washington, D.C. (For further 
information, consult T. K. Meloy, ‘17, 3000 
Arlington Boulevard, Falls Church, Va.) 

March 13-15, 1958 — 10th Annual Fiesta, M.L.T. 
Club of Mexico, Mexico City, D.F. (For reser- 
vations, consult Clarence M. Cornish, ’24, Mar- 
garitas 139, Villa Obregon, Mexico 20, D.F., 
Mexico.) 

June 16, 1958 — 24th Alumni Day, 1958, M.L.T. 
Campus in Cambridge. 











Repeat Performance 


® According to figures compiled here at the Institute, 
a grand total of 6,179 students (which includes 2,515 
graduate students) is registered this fall, and of these, 
909 are members of the Freshman Class. 

A repeat performance is being staged by 29 of 
these freshmen, who have decided upon M.LT. as the 
school of their choice, and who bear the same family 
names as M.I.T. Alumni. They are listed below. 

With more and more emphasis being placed upon 
the need for sound engineering and scientific train- 
ing, the old adage “like father, like son” might be 
hoped for by everyone. 


Parent 
William J. Barrett, 16 
Frank N. Cramton, ’26 
William W. Farr, ’26 
F. LeRoy Foster, 25 
Freeman W. Fraim, Jr., 32 
Nathaniel H. Frank, ’23 


Student 


William J. Barrett 

John S. Cramton 

William W. Farr 

Alden T. Foster 

Freeman W. Fraim 

Christopher T. Frank 

Reed H. Freeman Reed Freeman, ’38 

Hugh P. Gilman Donald B. Gilman, ’32 

Robert W. Goldthwaite Clarence H. Goldthwaite, Jr.,’35 

Joseph Harrington, 3d Joseph Harrington, Jr., ‘30 
Grandfather: Joseph Harrington, ’96 

Thomas N. Hastings Russell Hastings, Jr., ’34 
Grandfather: Russell Hastings, Sr., °10 

Peter M. Kraus Fred M. Kraus, *35 

Frank M. Labouisse, Jr. Frank M. Labouisse, ’33 

David H. LaForge Louis H. LaForge, Jr., 37 

David W. Latham Allen Latham, Jr., 30 

Robert W. Lewis Frederick B. Lewis, ’28 

Richard L. Meehan William Meehan, ’26 

Joseph H. Melhado, Jr. Joseph H. Melhado, ’27 

Eric A. Moorehead Eric O. Moorehead, ’37 

Grandfather: Theodore P. Moorehead, ’05 

Richard E. Peterson Carl M. F. Peterson, ’29 

James W. Poitras Edward J. Poitras, ’29 

Charles W. Rogers Robert C. Rogers, ’33 

Edgar C. Rust, 3d Edgar C. Rust, Jr., ’37 

Marshall R. Sack Melvin Sack, ’28 

Kenneth R. Scott Arthur K. Scott, 29 

Alan J. Stratton Carl P. Stratton, 34 

(Deceased) 

Dennistoun W. Ver Planck, ’28 

Lawrence F. Wagner, °32 

Joseph W. Wetmore, ’31 


Peter Ver Planck 
Carl E. Wagner 
Warren C. Wetmore 
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Dick Preston 
During the celebration (June 7 


in the picture above, but present at the reunion, were: 


Individuals Noteworthy 


@ Prominent in the news of late autumn were 38 pro- 
motions, elections, or appointments as set forth below: 

Clarence D. Howe, ’07, as a Director, Canadian 
Fund, Inc. . . . Lyle M. Richardson, ’14, as President, 
Morton C. Tuttle Company .-. . Craig P. Hazelet, 
"18, and Philip C. Rutledge, ’33, as Directors, Ameri- 
can Society of Civil Engineers . . . 

Albert E. Bachmann, ’21, as President, American 

Pulp and Paper Mill Superintendents Association 

. Edwin T. Steffian, ’21, as President, Buston So- 
ciety of Architects . . . Arthur W. Davenport, ’23, as 
Project Manager in Brazil, Stone and Webster Engi- 
neering Corporation . 

Hugh S. Ferguson, ’23, as a Director, National Re- 
search Corporation . . . Rodolphus K. Turner, ’23, 
and Roland D. Glenn, ’33, respectively, as President 
and Vice-president — Development, Bakelite Com- 
pany . . . Philip D. Blanchard, ’24, as Vice-president, 
Wyatt, Inc., New Haven, Conn... . 

Hartselle D. Kinsey, ’24, as President, Union Car- 
bide Olefins Company . . . Denton Massey, ’24, as 
Vice-president and Director, AMF Atomics (Canada), 
Ltd. . . . Charles H. Wardwell, ’24, as President, 
Continental Screw Company. . 

Clarence J. LeBel, 26, as Secretary, Audio Engi- 
neering Society . George S. Mikhalapov, ’26, as 
Executive Vice-president, Brush Beryllium Company 

. Harold W. Fisher, ’27, as Joint Managing Di- 
rector, Iraq Petroleum Company, Ltd. . . . 

Maurice C. Beren, °28, as President, Pyrotex 
Leather Company, Leominster, Mass. . . . Solomon 
Horwitz, ’29, as a Director, American Institute of 
Steel Construction . . . E. Ralph Rowzee, ’30, as 
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-10) of the 55th reunion of the Class of 1902, these 16 guests were photographed aboard a sea- 
worthy motor launch in the bay, adjacent to Wentworth-by-the-Sea at Portsmouth, N.H., where the reunion was held. Reading 
from left to right, are: Burton G. Philbrick, Charles W. Kellogg, Mrs. Everett, Harold A. Everett, Arthur L. Collier, Mrs. 
Allen, Carlton B. Allen, Mrs. Marvin, J. Albert Robinson, Edwin E. Nelson, John R. Marvin, Mrs. Collier, Lewis E. Moore, 
Russell B. Lowe, Claude E. “Dan” Patch, and Alfred W. Friend (whose death on August 4 was noted with sorrow). Not seen 


Mr. and Mrs. William R. Greeley, and Norman E. Borden. 


President and Managing Director, Polymer Corpo- 
ration, Ltd. 

Gordon S. ‘Brown, 31, and Donald G. Fink, ’33, re- 
spectively, as a Director and as President, Institute 


of Radio Engineers . . . Stuart R. Fleming, °32, as 


Vice-president of Ford, Bacon, and Davis . . . John 
Lawrence, 32, as Vice-president, Dresser Industries, 
Inc. . . 


Joseph L. Bird, ’33, as Vice- president, Dynaform 
Corporation . Norman E. Harris, ’33, as Vice- 
president and Sales Manager, Standard Plastics Com- 
pany, Inc... . 

Samuel A. Groves, 34, as a Director, Boston Manu- 
facturers Mutual and Mutual Boiler and Machinery 
Insurance Companies . . . John Sullivan, Jr., ’38, as 
President, Dayton Art Institute . . . John R. Brown, 
Jr., 39, as Vice-president, Colgate-Palmolive Com- 
pany . . . William R. Ahrendt, ’41, as Chairman and 
Treasurer, Integron, Waltham, Mass. . . . 

James G. Buck, ’42, as Director of Research and 
Development, Erie (Pa.) Resistor Corporation . . . 
Stanley N. Golembe, ’42, as Executive Vice-president, 
Power Sources, Inc... . 

Robert Oppenlander, Jr., ’44, as a Principal of 
Cresap, McCormick, and Paget . . . Jeptha H. Wade, 
3d, 45, as a Member of the Corporation, Museum of 
Science, Boston . . . Philip R. Marsilius, °48, as 
President, National Tool and Die Manufacturers As- 
sociation . . 

John F. Matthews, "48, as Executive Vice-president, 
Forstmann Woolen Company . Beverley J. Kirk- 
wood, *49, as a Partner of A. C. Kirkwood and Asso- 
ciates, Kansas City . . . Donald G. O’Brien, ’51, as 
Chairman and President, American Measurement 
and Control, Inc., Waltham, Mass. 
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@ Special honors coming recently to Alumni and 
members of the Institute Faculty included: 

lo Horace A. Crary, ’94, the Benjamin Rush Award 
to a layman for public health services, by the Penn- 
sylvania Medical Society . . . to Howard S. Morse, 
03, and Whitney C. Huntington, ’23, honorary mem- 
bership, by the American Society of Civil Engineers 

. . to Warren K. Lewis, ’05, its Gold Medal for dis- 
tinguished achievement, by the American Petroleum 
Institute . . . 

To Irving W. Wilson, ’11, Donald W. Douglas, ’14, 
and Crawford H. Greenewalt, ’22, three of the “Fifty 
Foremost Business Leadership Medals” awarded by 
Forbes Magazine upon the occasion of its 40th Anni- 
versary. As if further to emphasize Technology 
Alumni business leadership, Mr. Douglas was among 
the 50 similarly designated on the magazine’s 30th 
anniversary; and the original list of 50, chosen by the 
late B. C. Forbes himself in the first issue published 
in 1917, included the late Coleman du Pont, 84... 

To Vannevar Bush, ’16, the annual New England 
Award, by the Engineering Societies of New Eng- 
land . . . to Roderick K. Eskew, ’21, the Superior 
Service Award, by the U.S. Department of Agricul- 
ture . . . to Arthur E. Raymond, ’21, the 1957 Daniel 
Guggenheim Medal, by the Institute of the Aeronau- 
tical Sciences . . . to Hermon F. Safford, ’23, named 
as National Management Man for 1957, by the Na- 
tional Management Association . . . 





To John M. Campbell, ’25, the Harry L. Horning 
Award, by the Society of Automotive Engineers . . . 
to Vladimir Haensel, 37, the 1957 Professional Prog- 
ress Award in Chemical Engineering, by the Ameri- 
can Institute of Chemical Engineers . . . 

To Frank A. McClintock, ’42, the 1957 James Clay- 
ton Fund Prize, by the Institution of Mechanical 
Engineers, London . . .. to Glenn W. Stagg, ’48, se- 
lection as one of the nation’s three outstanding young 
electrical engineers, by Eta Kappa Nu .. . 

To John Chipman, Professor of Metallurgy, its 
Gold Medal and Senior Award, by the American So- 
ciety for Metals. 


@ Among the Alumni to whom birthday congratula- 
tions are appropriate during this month are two who 
are due to celebrate their 85th and six who will ob- 
serve their 80th anniversaries, as listed below with 
their respective dates of birth: 

January, 1873 — Louis A. Freedman, ’96, on the 
lst; and Raymond M. Hughes, ’98, on the 14th. 

January, 1878 — Frank DeM. Gage, ’00, on the 
14th; Arthur W. Geiger, ’00, on the 14th; Avery Rob- 
inson, 99, on the 21st; Warren W. Sanders, ’00, on 
the 22d; Walter H. Sutliff, 99, on the 23d; and 
Roy G. Burnham, ’00, on the 29th. 

With these eight, the rolls of the Alumni Associa- 
tion will include a total of 56 living nonagenarians 
and 577 octogenarians. 





Silver Stein Dinner 


@ The M.LT. Club of New York held its fifth annual 
Silver Stein Award Dinner at the Hotel Biltmore on 
November 18, during which presentation of the much 
valued Silver Stein was made to C. George Dandrow, 
22. The award, made to Mr. Dandrow for his valued 
contributions and services to Technology alumni af- 
fairs generally, and for his efforts in behalf of the 
M.L.T. Club of New York in particular, was the silver 
stein which Mr. Dandrow holds as shown in the illus- 
tration on this page. 

Alfred T. Glassett, ’20, lifelong friend of Mr. 
Dandrow, quite fittingly made the introductory re- 
marks prior to the presentation. Basically, Mr. Glas- 
sett used the “This Is Your Life” approach, tracing 
‘Mr. Dandrow’s career from the time both entered 
high school, through their years together at the In- 
stitute, and up to the present. Mr. Dandrow is vice- 
president for customer relations of the Johns-Manville 
Sales Corporation. He has been an active participant 
in Alumni Association affairs, serving as President of 
the Association in 1948-1949, and is a former presi- 
dent of the M.I.T. Club of New York. 

Although James R. Killian, Jr., °26, President of 
M.LT., originally had been scheduled to take part in 
the Silver Stein Award Dinner, his preoccupation 
with national defense matters in Washington, D.C., 
prevented him from attending. J. A. Stratton, ’23, 
Acting President, was in attendance to bring greet- 
ings from the Institute. In his remarks, Dr. Stratton 
made the first public announcement of new radar 
facilities, developed at M.I.T.’s Lincoln Laboratory, 
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— a 
F. S. Lincoln, 22 


Attending the Award Dinner in New York, when the silver 
stein was presented to Mr. Dandrow, were (left to right): 
H. E. Lobdell, ’17, Executive Vice-president of the Alumni 
Association; J. A. Stratton, ’23, Acting President and Chancel- 
lor of the Institute who brought greetings from M.1.T. to the 
guests at the dinner honoring Mr. Dandrow; C. George Dan- 
drow, ’22, Vice-president for Customer Relations of the Johns- 
Manville Sales Corporation; Alfred T. Glassett, ’20, presenting 
the silver stein to Mr. Dandrow; Thomas C. Desmond, ’09, 
New York State Senator and a previous recipient of the silver 
stein; and Eugene R. Smoley, °19, President of the M.I.T. 
Club of New York. 
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Among the guests at the Silver Stein Dinner on November 18 
were (left to right): Mrs. Miller and Theodore T. Miller, ’22, 
Parke D. Appel, ’22, and Mrs. F. S. Lincoln. 


which were used to track the path of one of the 
earth’s satellites. A photograph of the new radar an- 
tenna appears as the frontispiece of this issue, and a 
brief description appears on page 145. 

When concluding his warm and heartfelt response 
to the tribute tendered him, and speaking of the 
growth of M.L.T. since 1916 when he was a freshman, 
Mr. Dandrow reminded his audience that “It is not 
easy to grow big effectively and gracefully,” but 
stated that “M.I.T. has done just that.” 


Twenty-five Years Ago This Month . . . 


@ With the advent of the new year of 1933, an even 
dozen Alumni were either retiring from or assuming 
the Presidencies of the following societies: 

Sanford E. Thompson, ’88, of the Taylor Society; 
Charles N. Fitts, ‘91, of the American Institute of 





Steel Construction; Alonzo J. Hammond, ’91, of the 
American Society of Civil Engineers; 

Frank P. McKibben, ’94, of the American Welding 
Society; Bradley Stoughton, *96, of the American 
Electrochemical Society; Arthur B. Lamb, ’02, of the 
American Chemical Society; 

Andrey A. Potter, 03, of the American Society of 
Mechanical Engineers; Harry P. Charlesworth, 05, 
of the American Institute of Civil Engineers; James I. 
Banash, ’06, of the National Safety Council; 

Roy A. Seaton, ’11, of the Society for the Promotion 
of Engineering Education; John A. Allan, *12, of the 
Canadian Mining Institute; and Joseph W. Barker, 
16, of the Illuminating Engineering Society. 


@ The Compton Cup, “appropriately named for Dr. 
Karl Taylor Compton as an honorary alumnus of 
Harvard University, former Head of the Physics De- 
partment of Princeton University, and President of 
Technology, was given by the student body of Tech- 
nology to perpetuate an annual crew race between 
the three schools.” This handsome trophy of English 
sterling silver, made in 1840 and obtained from the 
Rodman Wanamaker collection, stands 18 inches 
high and weighs 112 ounces. 


@ Congratulations were being extended to Charles 
H. Woodbury, ’86, for winning the Edwin Palmer 
Memorial Prize of $1,000 awarded by the National 
Academy of Design; . . . to George E. Hale, ’90, as 
the recipient of the Copley Medal of the Royal So- 
ciety, which honor had previously come to Benjamin 
Franklin for his “curious experiments and observa- 
tions on electricity”; . . . and to W. Spencer Hutchin- 
son, 92, Head of the Institute’s Department of 
Mining Engineering, for his prediction at the annual 
meeting of the American Institute of Mining and 
Metallurgical Engineers that the use of oil and gas 
for energy production in the United States would 
double during the ensuing 20 years. 


The color analyzer developed 
during 1932-1933 by Profes- 
sor Arthur C. Hardy, ’18, de- 
signed primarily to measure 
the color of opaque materi- 
als, such as paper, textile 
fabrics, ceramic products, 
and surfaces coated with 
paint, ink, or lacquer. Left 
to right: Vannevar Bush, 
"16, Vice-president and Dean 
of Engineering; Professor 
Hardy; President Karl T. 
Compton; Samuel C. Pres- 
cott, "94, Dean of Science; 
and Harry M. Goodwin, ’90, 
Dean of the Graduate 
School. 


M.I.T. Photo 
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Utilization and Development of 
High-Talent Man Power 


Management is urged to become more sophisticated, to 
recognize individual ability, and to provide creative 
and intellectual opportunity for professional talent 


3 the perspective of world history, our age may 
become known as the Century of Science. Within 
the last 50 years, man has learned to fly, to communi- 
cate globally by radio, telephone, and television, and 
to perform more than 10,000 complicated multiplica- 
tions per second on an electronic computing ma- 
chine. At mid-century there were developed in rapid 
succession nuclear energy, the intercontinental bal- 
listic missile, and the earth satellite. And, in the fore- 
seeable future, we may control the weather on this 
planet and start regularly scheduled flights to the 
moon. In a recent speech at the University of Cali- 
fornia, Professor Edward Teller pointed out that 
our scientific knowledge has doubled every 100 years 
since 1650. In other words, in each 100-year period 
since that time, we have learned more than in all 
previous times put together. Today we know twice 
as much as we did in 1850, but only half as much 
as we shall know in 2050. 

This cumulative acceleration of knowledge is re- 
flected in the changing occupational structure of the 
labor force. For example, between 1870 and 1950, 
the number of professional workers in the United 
States has grown three and one-half times faster than 
the nation’s population, and three times faster than 
the labor force generally. If Teller’s observations are 
correct, the proportion of highly trained people is 
bound to increase even more sharply in the future. 
Indeed, the application of new scientific principles, 
quite apart from their discovery, will require droves 


‘of scientists, engineers, and administrators of tech- 


nical man power. Thus it is becoming clear that the 
central man-power problem of our time is that of 
generating and accumulating high-talent brain 
power. As a nation, we are engaged in a great and, 
in our history, unprecedented hunt for high talent. 
In industry, the procurement of professional and 
scientific man power has become a highly competi- 
tive and expensive business. It has been estimated, 
for example, that the cost of hiring a young engineer 
and training him to a point of initial productiveness 
is probably in excess of $5,000. Company recruiters 
now swarm to our university campuses like locusts 
to devour our engineering graduates. And, even 
more important, companies are looking for high- 
quality people. They want the cream, not just the 
skimmed milk. The young man who boasts that he 
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was graduated in the “upper 90 per cent” of his 
class does not interest today’s talent-hungry re- 
cruiters. They are looking — not for the average man 
—but for the uncommon man. Never before in the 
history of America have so many people spent so 
much money and so much effort in the competitive 
search for men of high talent. 


More Brain, Less Brawn 


It is obvious that the trend in modern industry is 
to consume more and more brains and less and less 
brawn. Let me illustrate this trend by some examples 
taken from a survey of man-power utilization which 
we are making at Princeton. 

The first is the case of a well-known chemical 
company. During the postwar period — 1946-1956 — 
this company expanded its output and sales by 75 
per cent. Largely as a result of new processes and 
machinery, it was able in the same period to reduce 
its total employment by 10 per cent, and its manual 
work force by 17 per cent. However, it found it nec- 
essary to increase its technical, professional, and ad- 
ministrative staff by 20 per cent. 

Next, let us take a steel company whose experi- 
ence is fairly typical. Here we found that in the post- 
war period the employment of technical personnel 
increased over 125 per cent in comparison with an 
increase of less than 40 per cent in total employment. 
It showed a similar proportional increase in its man- 
agerial and administrative staff. When you look more 
closely at individual departments, the story is the 
same. For example, in one case the output per turn 
in the galvanizing department was increased nearly 
four times by introduction of continuous galvanizing 
lines. The total personnel required remained un- 
changed, but the supervisory and technical staff was 
increased by about 40 per cent, whereas the number 
of production workers declined by about 15 per cent. 

On the basis of such studies in 30 companies in 
many different industries, we are coming to these 
tentative conclusions: 

First, all kinds of technological change — includ- 
ing those popularly referred to as automation — in- 
crease the proportionate requirements for high-talent 
personnel —that is, for scientists, mathematicians, 
engineers, chemists, administrative staff specialists, 
and high-level managers. Automation may eliminate 
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unskilled and skilled manual labor, clerical em- 
ployees, and certain types of routine supervision. It 
does so, however, by substituting both machinery 
and higher level human resources. Automation, in 
other words, always increases the requirements for 
brain power. The introduction of automatic comput- 
ing machinery is a case in point. It eliminates labor 
in data processing; it also enables top management 
to have very quickly new kinds of information 
which it was unable to get before; but it usually 
leads to establishment of planning departments to 
program the data for processing and to make expert 
interpretations for top-level decision-making. This 
requires the employment of very high-level brain 
power. Obviously, then, the principal human conse- 
quence of automation is not the displacement of peo- 
ple but rather the tremendously increased quantity 
of high-talent man power which it consumes. 

Our second tentative conclusion is that change and 
innovation of all kinds require heavy investment in 
high-level human resources. Wherever innovations 
are made—in new products, new processes, new 
techniques of control, new methods of marketing, 
or new ideas in management —there is a need for 
highly trained technical man power and for special- 
ized administrative staff personnel. 

From this we derive a third tentative conclusion: 
the more progressive and dynamic the firm or indus- 
try, the greater is its rate of increase of utilization of 
high-talent man power. For example, in the chem- 
ical, aircraft, and electrical industries we find the 
sharpest increases in utilization of top professional 
and technical personnel; railroads and shoe factories, 
on the other hand, show very little increase in pro- 
portionate utilization of high-level human resources 
except in a few departments where new methods 
and new techniques are being introduced. 

On the basis of these three conclusions, we can 
draw this inference: Dynamic economic develop- 
ment involves a shift in man-power requirements 
away from manual and clerical operations and to- 
ward greater utilization of highly educated man 
power. Highly educated man power is in short 
supply, and there is no reason to believe that the 
demand for it will be satisfied in the next few dec- 
ades. Therefore, the limiting factor on economic 
growth in the United States will probably be its 
capacity to generate high-level human resources 
rather than its ability to accumulate capital. 


Dealing with the Uncommon Man 


If industry faces the prospect of ever-sharpening 
shortages of high-talent man power, what measures 
can it take to protect itself? Among the more ob- 
vious are the following: (1) substitution of other 
human resources for highly trained professional per- 
sonnel wherever possible; (2) use of incentives ap- 
propriate for development of the highest possible 
potential of the professional staff; and (3) develop- 
ment of more sophisticated management. Let us ex- 
amine each of these very briefly: 

Most companies now recognize that trained tech- 
nical man power should be employed at its highest 
skill. An engineer should not be performing tasks of 
draftsmen, nor should he be burdened with routine 
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clerical operations. Technical assistants can and 
should be employed to assist highly trained chemists 
and metallurgists. Likewise the productivity of high- 
talent man power may be increased by providing it 
with more secretarial and clerical help. I am sure 
that all of you know how to break down technical 
jobs in such a way as to separate out the less skilled 
tasks, and thus we need not discuss further this very 
obvious means of substituting less skilled personnel 
for the highly trained professional employee. 

A more complicated problem is the utilization of 
professional personnel in supervisory and manage- 
rial capacities. Some people have suggested that, 
since good engineers, chemists, metallurgists, and 
scientists are so scarce, they should be employed 
only on professional work and that supervisory and 
managerial responsibilities should be assigned to 
others. In my judgment, this is a dangerous idea. 
As we all know, good supervisors and competent 
managers are usually even harder to come by than 
good professional people. Thus if the professional 
employee has those precious skills in human rela- 
tions which qualify him to integrate and direct the 
work of others, he should be utilized in a manage- 
rial or executive capacity. 

A much more critical problem is that first-rate en- 
gineers or scientists often turn out to be very poor 
and unhappy administrators, and a common costly 
mistake is to reward a professionally outstanding 
man by “promoting” him to a supervisory job for 
which he is not qualified. In this connection, the 
status system in American industry is peculiarly 
geared to making mistakes of this nature. 

In most companies, pay, status, and recognition 
are much higher for managers and executives than 
for those engaged in strictly professional work. Thus, 
the engineer or scientist who would really prefer 
professional to supervisory work is under heavy 
social, psychological and financial pressure to con- 
form to the notion that success is tied up with being 
a big manager or a high executive. Furthermore, if 
the man does not always feel this way, his wife and 
his friends are likely to equate executive positions 
with success. As a consequence, probably two out of 
three engineers or scientists who enter industry have, 
as their goal, the eventual entry into the executive 
or managerial hierarchy, but as nearly as I can de- 
termine, only one out of three is needed in this ca- 
pacity. This can have serious implications. If the 
fellow does not get a managerial job, he may be 
dissatisfied, emotionally unadjusted, and quite un- 
productive. If he gets a managerial position for which 
he is not qualified, he may be even more disturbed, 
and his professional talents meanwhile are being 
wasted. 

For this reason, some of the really smart compa- 
nies today are taking measures to see that the pay, 
recognition, and status of top-level professional work 
is equal to that of even very high executive positions, 
including the floor space of offices, the thickness of 
carpets, the exposure of windows, and admittance to 
the executive dining rooms. Some companies refer 
to this as the parallel ladder system of advancement. 
In one or two companies I visited recently, it was 
apparent that, up to the pay levels of about $15,000 
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per year, there was fairly parallel treatment of the 
technically trained person employed in professional 
work and the technically trained person in super- 
visory work. However, the parallel ladder idea seems 
to break down at the very high salary levels. There 
are instances, of course, of highly paid vice-presi- 
dents or super-consultants who are strictly idea-men 
rather than managers, but these fellows are conspic- 
uous because of their rarity. As a general rule, the 
professionals in industry do not enjoy the status in 
comparison with their associates that the profession- 
als in universities command. If they did, the univer- 
sities probably could not keep their key professors at 
the levels of pay they are now receiving! In all 
seriousness, however, I would say that many people 
with whom I talked in industrial research labora- 
tories indicated that the question of the pay and 
status of the creative genius in comparison with man- 
agers or executives, is one of the thorniest, unsolved 
problems facing industry today. Here perhaps, in- 
dustry might pick up some practical ideas by study- 
ing organization and administration of universities. 

This brings us to the question of motivation of 
professional and technical employees. In this area, 
some companies have resorted too often to super- 
ficial cliches such as “treating everybody fairly as 
a human being” rather than to objective analysis 
of the factors involved. Above all, it is important to 
remember that in many respects, professional people 
are quite different from manual labor or clerical 
employees. 

Of course, the matter of pay is as important for 
technical personnel as for anyone else. An adequate 
salary, or a fair wage, is simple enough to define for 
any individual: “At any time or in any society all of 
us might agree that it is approximately 25 per cent 
more than we are currently receiving and at least 
equal to the pay received by those other people who 
really aren’t doing anything more important than we 
are.” Most professional employees feel that they are 
underpaid in comparison with those in supervisory 
positions. It would appear, therefore, that a sound 
salary administration program might have as one of 
its objectives a plausible and convincing explanation 
to all concerned of the reasons, where they do exist, 
why supervisory and managerial personnel are more 
valuable to a company than persons employed in a 
professional capacity. My impression is that the 
question of salary for the professional employee, who 
is utilizedin a non-managerial capacity, is often 
based more upon expedients than upon any really 
penetrating and objective analysis of the responsibil- 
ities involved and the state of the market. 

Another important factor is recognition of the 
professional ambitions of the technical employee. 
The technically trained man is usually quite sensitive 
about what is “good” or “bad” from a professional 
standpoint. He prefers to work for a person who will 
recognize and respect his professional status. Fur- 
thermore, he wants to work for someone who can 
help him learn and develop professionally. The pro- 
fessional employee wants to perform tasks which 
will enable him to gain experience and insight in his 
profession. He wants recognition for his ideas; and 
he develops an interest in what is going on in other 
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parts of the organization. In short, professional op- 
portunity and being “in the know” are usually more 
important to the technical employee than the pay 
he receives. 

Also, good professional people like to be loaded 
with work, if the work is challenging and if it offers 
opportunities for creative thinking. There is nothing 
so damaging to the morale of an engineer or a scien- 
tist than having too little to do. In this respect, there 
may be an important difference between profession- 
als and other employees. Certainly, all evidence 
points to the fact that the morale of overworked 
professional employees is higher than those who are 
utilized below their capacity, and it is probably 
easier for top management to handle complaints 
arising out of assignment of too much responsibility 
than out of failure to assign sufficiently challenging 
tasks. The professionally trained man seeks above 
all else intellectual and creative opportunity. He 
develops a sense of fatherly interest in his ideas and 
suggestions, and he wants to see how they are being 
applied, or why they were rejected or pigeonholed. 
He prefers to work for an intelligent boss —or at 
least one from whom he can learn. He resents the 
superior who seeks to assert proprietorship over his 
suggestions or ideas and who tries to monopolize the 
channels of communication either with the com- 
pany’s top brass or the outside professional world. 

The third and most critical problem in effectively 
utilizing and developing technical man power is 
sophisticated management. If industry is going to 
employ larger proportions of high-level professional 
people in the future, it is going to need smarter 
managers to supervise them. The effective co-ordina- 
tion of brains calls for much more skill and education 
than the direction of brawn. You are all aware of 
the problems of supervising prima donnas. Further- 
more, brainy people — particularly those who are 
bursting with new ideas—are sometimes uncom- 
fortable and troublesome fellows to deal with. It is 
much easier to control the conformist than the idea- 
man. Most managers feel more secure if there are not 
too many of these intellectually restless people 
underneath them. The manager, after all, has some 
interest in the status quo, whereas the idea-man is 
continually trying to upset the apple cart. 

What is the job description of a good manager of 
brainy people? Here is one I picked up in conversa- 
tion a few weeks ago. 


The supervisor of professionally trained personnel, 
even tuough he may have technical training superior to 
his subordinates, must be a stimulator and integrator 
rather than the initiator and developer of ideas. His job 
is to generate the environment in which the ideas of 
others can grow. He is not the proprietor of the shop, nor 
is he the kind of guy who gives the orders. He is a chair- 
man, but not a boss of his unit. And while encouraging 
all sorts of individual initiative and listening at times to 
all sorts of crazy ideas, he must find some way, for God's 
sake, to keep the boys on the reservation! 


It is impossible to think of a program of effective 
recruitment and development of technical man 
power without considering first the more fundamen- 
tal problem of how to develop the kind of managers 
who are equal to this very difficult task. 
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The problems, then, are fairly easy to define. Since 
high-talent man power is now very scarce and likely 
to be even scarcer in the future, companies must find 
a way to effectively utilize those engineering and 
scientific brains which they will be able to secure 
and retain. This involves the substitution of less- 
skilled human resources for technical brains wher- 
ever possible, the development of the professional 
employee to his highest possible capacity, recogni- 
tion of the factors which motivate professionally 
trained people, and more intelligent and sophisti- 
cated management. 


Differentiate to Motivate 


We have discussed some of the problems involved 
in the efficient development and utilization of high- 
level man power: let us turn now to measures for 
solving these problems. Here we can start by simply 
making a check list of policies and practices which 
one finds in the most progressive and advanced com- 
panies. 

The major concern of progressive companies is the 
formulation of a program for effective utilization of 
existing technical man power. This must be clearly 
developed as a prerequisite for any workable strat- 
egy of recruitment and placement. Indeed, the re- 
cruiting of people without a sound program for 
utilizing them is like pouring 100-proof whiskey into 
those paper cups which are supplied on Pullman 
cars! It will not be long before it all oozes out! The 
elements in a good utilization program are enumer- 
ated in the following seven paragraphs: 

1. A study of probable requirements for the future 
— perhaps for the next five or 10 years. Here, one 
must be careful to estimate the changing quantita- 
tive proportions in requirements for high-level tech- 
nical personnel. Most companies seem to assume 
that in the next five to 10 years the structure of their 
man-power requirements will remain unchanged. 
But, if the history of past decades is any guide, this 
assumption is nearly always wrong. It is also impor- 
tant to assess the changing qualitative requirements 
for scientific and engineering personnel. In other 
words, will you need tomorrow the same kind of 
genius which you are trying to find today? This, of 
course, is a more difficult question, requiring more 
judgment than statistics. 

2. An analysis of the kind of management neces- 
sary to supervise technical personnel, and the for- 
mulation of a program for training the required 
managers. In effect, this is just one facet of the 
broader problem of general management develop- 
ment. Companies which have good manager-develop- 
ment programs usually are on top of this one. 

3. Development of a sound and objective plan for 
determining the pay, status, avenues of advancement, 
and criteria of promotion of technical personnel, 
taking into account specifically the question of 
whether or not certain professional jobs should be 
rated higher or lower than managerial jobs. In most 
cases, this requires an agonizing reappraisal of cer- 
tain assumptions underlying traditional salary classi- 
fication systems. Very few companies have really 
faced this problem, but many because of mounting 
pressure, are on the brink of doing so. 
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4. A rigorous system of determining just where 
technical and professional man power is critically 
needed and why other resources cannot be substi- 
tuted for it. This usually involves scrutiny of stated 
departmental requirements by both plant or division 
managers and central office personnel. Most compa- 
nies find this easier to say than to do. Some encounter 
resistance in providing the necessary stenographic 
and junior technical assistance which fully utilized 
professional man power may require. 

5. The development of an inventory of challeng- 
ing tasks and opportunities for scientific and engi- 
neering man power. This is the kind of thing which 
makes a company or an industry glamorous in at- 
tracting new blood. The aircraft and electronics in- 
dustries appear to excel here. 

6. Provision of appropriate training and _ self- 
improvement opportunities for persons who wish to 
go upward in their respective professions. Most pro- 
gressive companies today are quite liberal on this 
score, both in paying direct costs of advanced educa- 
tion and in providing compensated time. 

7. Development of a system of communication 
between the technical staff and management, giving 
particular attention to the special factors which mo- 
tivate the professionally trained individual. 

Most companies agree that these steps are desir- 
able. However, very few companies do these things 
until the pressure becomes so great as to threaten 
their competitive position. Others may wait until the 
technical staff threatens to become unionized. 

The next concern, of course, is the development of 
a workable system of recruitment and orientation of 
new technical personnel. This should be easier if the 
utilization policy has been carefully formulated. 
Many colleges and universities have the impression 
that the campus recruiters sent out by some corpora- 
tions really do not know what kind of men to hire 
because the companies do not really know how they 
will use them after they are employed. At this point, 
let me say a few things from the viewpoint of the 
suppliers of your future brain power. 

Frequently, recruiters pay too much attention to 
labels, such as degrees and practical courses, and too 
little to the essential qualities of character, mind, and 
spirit of candidates. There has been too much em- 
phasis on hiring college graduates as replacement 
parts for the existing industrial machine rather than 
on the quest for men of talent, ideas, and capacity 
for intellectual growth. After all; our colleges do not 
train engineers; they educate people for engineering. 
The training in the practical application of engineer- 
ing principles is almost solely the responsibility of 
industry. The task of the college is to give a man 
broad and basic—and also theoretical education. 
In a sense, the college can do no more than build 
intellectual sensitivity into a man—just as color 
sensitivity is built into the finest photographic films. 
The development of the skills of the engineer or the 
scientist takes place only after exposure to the light 
of practical experience on the job. However, no 
amount of exposure and practical experience can de- 
velop really high talent in a mind which has been 
sensitized only to simple black and white over- 

(Continued on page 170) 
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Deep-Sea Transoceanic Cable Telephony 


Submarine cable, providing 36 simultaneous speech channels, uses 
tubes designed to operate unattended for 20 years on ocean bed 


ns first deep-sea telephone cable system has been 
in operation between North America and Europe 
since the fall of 1956. Within that time the telephone 
calls between here and the United Kingdom have 
just about doubled. And the end is not yet in sight. 
Some of this is normal growth, but a larger part is 
evidently the result of adding 36 more telephone 
circuits to those previously provided only by radio. 
This more than doubles the total number, and the 
“circuits are busy” situation occurs less frequently. 
A vital factor in the increased traffic has undoubtedly 
been the greater continuity of service provided by 
the new cable in comparison with the previously 
existing radio telephone circuits. 

Another deep-sea telephone cable system, also of 
considerable length, has been put into operation this 
fall between the United States and the Hawaiian 
Islands. This transpacific cable is similar to the 
transatlantic telephone cable and undoubtedly will 
have a comparable effect on increasing traffic be- 
tween the mainland and Hawaii, for here too greater 
continuity of service is provided by cable than by 
radio circuits. In both cases, the deep-sea cables are 
similar, and a description of the earlier transatlantic 
circuit will suffice to indicate some of the engineering 
and economic factors that had to be solved in pro- 
viding this new, long-distance telephone service. 

The cable circuits are engineered to insure, for 
100 per cent of the time, the kind of transmission 
provided by the best overland telephone circuits. In 
the case of the radio circuits, the performance also 
approaches that provided by the best grade of wire 
transmission, but the North Atlantic radio transmis- 
sion path is particularly subject to serious variations, 
between sunlight and darkness — and during mag- 
netic storms, the result of sunspots and other un- 
known phenomena. These effects mar the quality of 
transmission and frequently result in complete inter- 
ruption of service. 

Why have we not had deep-sea telephone cable 
transmission before, just as we have had deep-sea 
telegraph transmission for nearly 100 years? 

To a communication engineer it is a case of being 
“between the devil and the deep blue sea.” The 
“devil” in this case is the problem of overcoming the 
losses that result when trying to transmit telephone 
currents over a long wire circuit. The deep blue sea 
is exactly that — how to place in the ocean and keep 
operating the necessary conductors and equipment 
to do a satisfactory job. 

In the comparison between radio and cable, a 
crude analogy may be useful. If you were trying to 
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communicate by voice with a friend in an open field, 
a quarter of a mile away, you could probably suc- 
ceed fairly well by putting more lung power behind 
your words than if your friend were in the same 
room. If you tried to improve the situation by direct- 
ing your voice into a small pipe stretched between 
the two points, the listener would probably pick up 
more of what you said from the air than from the 
end of the small pipe — because the pipe exacted too 
high a toll for its guidance of the sound waves. 

Well, it is something like this in the case of radio 
versus cable for very long distances. The cable has 
more loss, or attenuation, than the radio circuit. You 
can put enough energy into the sending antenna of a 
radio station — it takes many kilowatts, and Nature 
has to be co-operative — and the receiving station at 
the distant end will, with sufficient amplification, 
produce useful sound. 

In the case of the long cable, speech tones are 
higher in frequency than telegraph signals and suffer 
greater losses. For a speech channel, if one applies 
considerable energy, even to the point where the 
insulation of such a cable almost breaks down, 
scarcely an audible signal comes out at the distant 
end. 

You may ask why cannot one put in only reason- 
able amounts of power at the sending end of such a 
cable and make up for the weakness of the voice at 
the distant end by the use of very powerful ampli- 
fiers to restore its volume. But Nature is obstinate. 
There is another “devil” in reserve. Except at abso- 
lute zero temperature (minus 273 degrees C.), the 
electrons in the conductor are continually moving 
around in a random fashion. They produce tiny 
variable voltages which, however small, are real and 
can be heard as noise in telephone receivers with 
sufficient amplification. This sets a practicable limit 
on the amount of amplification that can be employed. 
A telephone signal can readily be buried by this so- 
called thermal noise if the amplification exceeds a 
predictable amount. 

Well, what is the answer? It is to apply amplifica- 
tion in a long cable circuit, not only at the end of the 
long circuit where the voice signal may perhaps be 
lost in the thermal noise but, as is the practice in 
long overland circuits, at intervals which are suffi- 
ciently short that the desired voice energy never 
drops so low that it approaches the thermal noise, 
or any other noise sources. 

In overland transmission, this is comparatively 
simple. It merely means establishing so-called re- 
peater stations with amplifiers in the circuits to boost 
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the speech power as needed. Sometimes these re- 
peaters are 100 miles apart. In some types of wire 
circuits they may be as close together as four miles. 

But putting amplifiers in a deep-sea cable system 
is another matter. It took about 25 years of research 
and development work by the Bell System to solve 
this problem with the required service reliability. 

At the start of the project it was evident that the 
relatively high cost of submarine cables made it 
highly desirable that several channels, rather than a 
single telephone circuit, be provided. Several chan- 
nels can be provided over a single set of conductors 
by using so-called carrier systems with a different 
frequency assignment for each channel. But this 
takes frequency range — the required spectrum be- 
ing in proportion to the number of channels. In turn, 
this means greater cable losses and makes the am- 
plifier problem even more difficult. 

As to how to get amplifiers in a circuit across the 
sea, a good deal of preliminary thinking was done, 
including exploring the possibility of floating or un- 
derwater buoyed repeater stations to which the cable 
links would be attached. But the decision was 
reached to try to associate the repeaters intimately 
with the cable at the bottom of the ocean. 

A particular structure was envisioned which, it 
was hoped, would make the laying of the cable — 
never a simple matter — as uncomplicated as possi- 
ble. The housing for the apparatus necessary to am- 
plify the feeble speech sounds was visualized as a 
long flexible tube, connected in such a fashion that 
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Fig. 1. Structural features of deep-water type of cable. (Ap- 
proximate diameter, 1% inches.) 
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it represented but a‘bulge in the cable itself. It should 
be stored in the hold of a ship with the cable, and 
payed out around the drums and over the sheaves 
that form a regular part of a deep-sea laying tech- 
nique. Great care is needed to be certain that the 
cable goes in the right place on the ocean bed with- 
out kinks or stresses that may jeopardize its life. 

In more detail, to the pioneers the problem ap- 
peared something like this: 

(1) Devise an amplifier which has in it parts some- 
thing like the typical small radio set and house it in 
a flexible tube not much larger than the cable itself, 
capable of withstanding water pressures without 
leakage up to about 10,000 pounds per square inch. 

(2) Have the cables attached to each end and able 
to withstand a pull of several thousand pounds with- 
out ripping the amplifier apart. 

(3) At the same time, supply each amplifier with 
power transmitted with the speech currents over the 
cable itself. Several dozen such amplifiers strung 
along the cable must be supplied with power at the 
same time. 

(4) Furthermore, do not neglect to design each 
component in the amplifier, and the structure which 
houses it, to have a very long life (20 years or more) 
under continuous service. Otherwise it may be neces- 
sary frequently to pull up the cable and replace the 
amplifier or its components. 

With all of these requirements it is not difficult to 
see why it took so many years to achieve and fully 
test a design to a degree which would warrant the 
risk of completing a transatlantic cable installation 
costing more than $40,000,000. 

The objectives were achieved and the transatlantic 
cable has, as noted, been in successful operation for 
some time. It may be added, also, that a pilot instal- 
lation of the same general design, over a shorter cir- 
cuit, has been in operation for more than seven 
years between Key West, Fla., and Havana, Cuba. 
A similar type cable installation between Seattle, 
Wash., and Ketchikan, Alaska, was completed early 
in 1957 to improve commercial and military services 
to that territory. Furthermore, as noted, an installa- 
tion between the Pacific Coast and Hawaii, identical 
in principle but somewhat longer than the trans- 
atlantic cable, was put in operation early in October. 

All of these deep-sea installations employ essen- 
tially the same underwater repeater techniques. 
Actually, there are two cables, one for each direction, 
laid from 10 to 20 miles apart on the ocean floor. 
Repeaters are spaced about 40 miles apart. For 
example, in the transatlantic cable the Newfound- 
land-Scotland span is about 2,000 miles. Therefore 
51 repeaters are needed in each direction. 

A word about the deep-sea cable itself. Modern 
cables do not look so much different than they did 
in 1858 when Cyrus Field played a part in laying 
the first telegraph cable. They consist essentially of 
a fairly heavy copper conductor surrounded by flex- 
ible insulation to keep out the sea water, and then 
are usually covered with jute and one or more serv- 
ings of steel wire to supply longitudinal strength and 
to resist abrasion. 

But the modern cables have really been improved 
in some very important ways which, in particular, 
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help their use for telephony. First, the current is now 
given a return path by copper tapes forming a coax- 
ial cylinder over the insulation. This return path, in 
place of a sea water return, reduces the loss and 
makes the cable circuits less susceptible to induction 
from other cables, static, and so on. The second im- 
portant improvement in cable design is the use of 
better insulation. The older telegraph cables used 
gutta-percha. The new cables are made from a high 
quality polyethylene which improves the transmis- 
sion considerably, particularly for high frequencies. 

A cross-section of the deep-sea portion of the 
transatlantic cable is shown in Fig. 1. The shore ends 
are somewhat fatter because more steel wire protec- 
tion is added on the outside to take care of occasional 
situations where the anchors of ships may snag the 
cable. Rocks and icebergs are also hazards. Cable 
routes are selected to minimize the difficulty from 
ships’ anchors and also from trawlers which, in their 
effort to snare fish from the deep, have often inter- 
rupted transatlantic telegraph communication. 

Each repeater is a broad-band amplifier with 
three stages of vacuum tubes. It transmits a band 
width from relatively low frequencies to about 
144,000 cycles per second. This provides a frequency 
range for 36 speech channels, each having a band 
width of more than 3,000 cycles per second, together 
with space for certain frequencies used in testing the 
system. If desired, more than one speech channel 
can be merged to provide a wider band, such as for 
special radio broadcasts. The total band provided is 
obviously not sufficient to transmit standard televi- 
sion signals which require a band width of about 
4,500,000 cycles per second. 

Structurally, the repeater is articulated. The com- 
ponents making up the amplifier are housed indi- 
vidually or in groups in small plastic cylinders about 
one and one-half inches in diameter and five inches 
in length. There are 17 such cylinders stacked end 
to end in the repeater, as shown in Fig. 2. Intercon- 
nected, they make up the amplifier circuit. Three of 


these cylinders house the special long life vacuum 
tubes. The stacked cylinders forming the repeater 
proper total about eight feet in length. 

Over them are placed two layers of closely fitting, 
thin steel rings which overlap each other and afford 
a necessary element of flexibility. They supply the 
pressure-resisting strength of the container. Over the 
steel rings is a thin copper tube about one-thirty- 
second inch in thickness. This is the water barrier. It 
is sufficiently soft copper to be flexible. At the ends 
of the articulated structure are a series of elaborate, 
welded and otherwise constructed seals so that the 
cable conductors may enter both sides without 
allowing water or even water vapor to enter the 
repeater housing. After the cables are attached to 
both ends, the steel wires are carefully served over 
the whole structure to insure great longitudinal 
strength for the over-all cable-repeater combination. 
The diameter of the repeater section is then about 
two and seven-eighths inches. 

Power is supplied to the tubes by applying posi- 
tive potential of approximately 2,000 volts to ground 
to each cable at Clarenville, Nova Scotia, and cor- 
respondingly, 2,000 volts negative potential to the 
two cables at Oban, Scotland, from special high 
stability, extremely reliable power plants. The cur- 
rent through each cable to operate the tubes, which 
are, in effect, all in series, is 0.25 ampere, regulated 
to a constancy of 0.02 per cent. This current flows 
continuously, without interruption, at all times. From 
the standpoint of tube life, with such tubes there is 
actually more harm in turning the current on and 
off than in allowing it to continue to flow. 

Most of the repeaters are connected into the cable 
at the intervals of about 40 miles before the cable 
ship leaves the shore. However, some splicing is re- 
quired during the laying process at intervals of some 
200 miles to achieve the precise equalization between 
the cable losses and amplifier characteristics. A large 
cable ship, such as the Monarch, which is owned by 
the British Government, makes it possible to carry 
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Fig. 2. Diagram of structure of submarine repeater built as integral part of deep-sea telephone cable. 
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Fig. 3. Tube used in submarine telephone cables is conserva- 
tively built since it must operate without maintenance at 
ocean bottom for two decades. 


most of the cable and repeaters for a single trans- 
atlantic crossing. 

If any one of the 300-odd vacuum tubes involved 
in the two-way transatlantic circuit failed, it would 
completely disrupt service over all channels. Such 
an interruption, in addition to the lost service time, 
might cost several hundred thousand dollars to re- 
pair, particularly if it occurred in the deep portion, 
which exceeds two miles in depth. 

A long story could be written about the design of 
these critical elements. Their development was 
started early in the planning of the project. The ob- 
jective was a design which would insure continuity 
of operation over a period of at least 20 years. This 
is many times the life of the vacuum tubes used in 
the average broadcast receiver. 

The design of the tubes, one of which is pictured 
in Fig. 3, is conservative. In particular, the tempera- 
ture of the filament or emitter is kept much lower 
than most other vacuum tubes. They are constructed 
in spotlessly clean, dust-free surroundings with con- 
tinuous electrical and microscopic inspection to 
insure that no structural element has inherent weak- 
nesses. Finally each tube is tested on a life rack over 
a period of several thousand hours — longer than the 
average life of many vacuum tubes — before it is 
deemed satisfactory for inclusion in the repeater. Pro- 
totype tubes of the type used in the cables were ac- 
tually tested for over 10 years before the design was 
approved. 








































Detailed stories might be correspondingly written 
about the care in design and construction of all of the 
other components which make up the repeater, such 
as condensers, resistors, and so on. 

In addition to the deep-sea portion extending from 
Clarenville, Newfoundland, to Oban, Scotland, about 
2,000 miles, as shown on Fig. 4, there is also a section 
of cable from Clarenville, Newfoundland, down to 
Sydney Mines, Nova Scotia, about 300 miles in length. 
This is in comparatively shallow water and a repeater 
technique, perfected by the British engineers, is em- 
ployed. In this case, the repeaters are housed in tank- 
like containers and only one cable is used for both 
directions of transmission. 

From Sydney Mines the telephone circuits derived 
from the cables are brought into Montreal and New 
York by connection to a repeatered microwave radio 
system. Between Sydney Mines and Portland, Maine, 
this system includes 19 radio relay repeater points 
spaced about 30 miles on the average. 

The ownership of the transatlantic cable project is 
vested in the American Telephone and Telegraph 
Company, British Post Office, Canadian Overseas 
Telecommunication Corporation, and the Eastern 
Telephone and Telegraph Company. 

The conception and early work on the deep-sea 
cable and repeaters are due, in large measure, to the 
vision and efforts of men like Oliver E. Buckley, 
Oliver B. Jacobs, and John J. Gilbert, all of whom are 
now retired. Dr. Buckley was president of the Bell 
Telephone Laboratories; Mr. Gilbert was in charge of 
the project for some time, and Mr. Jacobs made im- 
portant contributions to the over-all design of the sys- 
tem over many years. Many others, literally hundreds, 
including a fair share of M.I.T. graduates, played vital 
parts in the design, construction, and final laying of 
the various transoceanic cable systems. 

For those having an interest in the detailed tech- 
nical problems involved in this cable enterprise, 
reference should be made to the Bell System Techni- 
cal Journal of January, 1957, or, for an abbreviated 
version, the 1955 Report of the Smithsonian Institu- 
tion. 























Fig. 4. New York and Montreal are 
now connected with London by micro- 
wave relays and deep-sea underwater 
cables. Montreal and New York are 
connected to Sydney Mines by micro- 
wave relays. Shallow-water cables 
connect Sydney Mines and Clarenville. 
Two cables, one in each direction, con- 
nect Clarenville and Oban, Scotland, 
a distance of 2,000 miles. 
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The Other Three 





In addition to the Erie, three other canals terminating in New York 


prospered mightily during the Nineteenth Century. But new modes of 


transportation caused their lingering death in the Twentieth Century 


Ras colorful doings on the old Erie Canal, the trade 
artery that, in 1825, linked the Atlantic seaboard with 
the Great Lakes and established New York as the 
leading city of the United States, are fabled in song 
and story. Folk singers, professional and amateur, 
nowadays are often heard to croon: 


“Oh, the E-ri-ee was risin’, 

And the gin was gittin’ low, 

And I scarcely think we'll git a drink, 
Till we git to Buffalo.” 


Of the many American works of fiction written 
around the Erie Canal, one of the best known is 
Walter D. Edmonds’ Rome Haul.* About halfway 
through this frothy but entertaining yarn, Dan Har- 
row, the hero, is talking with Molly Larkins, his 
“cook,”+ about their mutual desire to go to New York 
some time. They exchange hearsay information about 
the wonders of that city. Molly says, “You can see 
boats from four canals, there, all to once.” This would 
have been an historically correct statement any time 
from the 1830's to the end of the Nineteenth Century. 
Boats from the famed Erie Canal were of course to 
be seen then along the New York waterfront as they 
were towed there in trains, by steam tugs, down the 
Hudson River from Albany, eastern terminus of the 
Erie. 

But it is safe to say that few, if any, readers of these 
pages have any inkling of the other three canals that, 
in prerailroad and early railroad days, poured fuel, 
lumber, and farm produce into New York, and car- 


‘ried manufactured and imported items — including 


immigrants — back west. These canals, like the Erie, 
struggled into being in the face of financial and engi- 
neering difficulties, prospered mightily during the 
heyday of canal transportation, and then died linger- 
ing deaths as the railroads tightened their competi- 
tive strangle hold, all within the compass of less than 
a century. These “other three” canals are shown on 
the map on page 160. 

The Delaware and Hudson Canal, opened in 1828 
and closed in 1898, began at Honesdale, Pa., and 
ended in the Hudson River at Kingston, N.Y., whence 
boats descended the river to New York City. 


* Boston: Little Brown and Company, ‘1929. 


tThis euphemism was applied to the common-law wives 
who lived with many of the Erie boatmen. 


JANUARY, 1958 


by FREDERIC W. NORDSIEK 


South of the Delaware and Hudson Canal and, like 
it, running in a generally east-west direction, was the 
Morris Canal, in use from 1831 until the 1920's. This 
waterway originated at the Delaware River at Phil- 
lipsburg, N.J., and ran 100 miles to end at Jersey City, 
just across the Hudson River from New York. 

Southernmost of the trio is a canal that today still 
exists as a recreational waterway, the Delaware and 
Raritan Canal, finished in June, 1834, and closed to 
commercial use in 1932. This canal, 43 miles long, 
runs from the Delaware River at Bordentown, N.J., 
north to Trenton, and then crosses New Jersey to 
enter the Raritan River at New Brunswick. Thence 
the boats were towed to New York via Raritan Bay 
and New York Bay, or by an alternative more shel- 
tered water route west and north of Staten Island. At 
Trenton this canal is joined by a “feeder,” or tributary 
canal from the north, ‘that starts at the Delaware 
River 22 miles upstream at the town of Raven Rock, 
and runs along the east bank of the Delaware to 
Trenton. 


Boat Canals 


These three canals were boat canals, a sort that has 
totally disappeared from the American scene but net- 
worked all settled areas of the country in the mid- 
Nineteenth Century. Today's American canals are 
either ship canals or barge canals. Ship canals, like 
the Cape Cod Canal from Buzzards Bay to Cape 
Cod Bay, or the Welland from Lake Erie to Lake 
Ontario, can pass large ships of sizes capable of navi- 
gating the ocean or the Great Lakes, and serve either 
as short cuts or as means of access to large inland 
water bodies. Barge canals, exemplified by the New 
York State Barge Canal that today parallels or coin- 
cides with the route of the old Erie Canal, accommo- 
date power-driven barges with capacities up to 1,000 
tons, and serve to connect coastal waterways and 
similar somewhat sheltered water routes. 

The old boat canals were earth-sided ditches, usu- 
ally some 30 or so feet broad, with manually operated 
locks. The boats, of capacities not exceeding 100 tons, 
were manned by crews numbering two or three, and 
were drawn by horses or mules walking along a tow- 
path. Speeds were limited to three or four miles per 
hour, both because the animals could go no faster on 
the long hauls and because greater speeds would have 
created turbulence in the water sufficient to erode the 
earthen banks. 
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<4 The “Other Three.” In prerailroad days, these three boat 

canals supplemented the famed Erie Canal in pouring freight 

(largely coal) into New York City, and hauling manufactured 
and imported items back toward the west. 





Engineering the Canals 


Construction of the boat canals was a major engi- 


| neering triumph of the day. Indeed, striking parallels 


exist between the obstacles overcome by the old canal 
engineers and by the designers of today’s superhigh- 
ways, such as the New York Thruway or the Pennsyl- 
yania Turnpike. Superhighways must have minimal 
grades; so did the canals in order to minimize the 


| number of locks, whose construction was costly and 


whose operation slowed traffic. Other roads, however 
minor, must be carried over superhighways on via- 
ducts; vast numbers of bridges had to be built across 


| the canals for this purpose. Superhighways cross 


rivers on large and costly bridges; canals accom- 
plished such transits by means of the most extraordi- 


| nary of all of the canal structures, aqueducts. 


Aqueducts were troughs of water supported on 
bridges. The weight of the water in these devices 
made their design particularly difficult, with the re- 
sult that the cream of the engineering talent of the 
day was brought to bear upon the problem. John A. 
Roebling, who 30 years later was to gain lasting fame 
by designing the Brooklyn Bridget in 1848 built a 
wire cable suspension aqueduct to carry the Delaware 
and Hudson Canal across the Delaware River near 
Lackawaxen, Pa. This structure had four spans, rang- 
ing in length from 132 to 142 feet each. According to 
Roebling himself, in a statement he wrote in 1849, the 
water in the 142-foot span alone weighed 484 tons! 
The enduring character of Roebling’s work is evi- 
denced by the fact that, when the canal closed, this 
aqueduct was converted to a highway bridge, and 
today is still carrying a steady flow of traffic between 
Minisink Ford, N.Y., and Lackawaxen. Is it not thus 
the oldest suspension span still in use in this country? 

Further analogy between superhighways and the 
old canals may be cited in connection with tunnels. 
The Pennsylvania Turnpike goes through seven tun- 
nels in order to maintain its grades between Harris- 
burg and Pittsburgh; the old boat canals were 
similarly put through tunnels when necessary. This 
was done in a day before the knowledge of methods 
later gained in constructing railroad tunnels was 
available, when blast holes had to be drilled by hand 
and blasting was done with black powder and tem- 
peramental fuses. A canal tunnel may be seen today 
along the remains of the Chesapeake and Ohio Canal 
that ran from Washington, D.C., to Cumberland, Md. 
Neither the Delaware and Hudson, the Morris, nor 
the Delaware and Raritan went through tunnels; but 
the decision not to so construct the Delaware and 
Hudson greatly speeded the demise of this canal. 
Upon reaching Port Jervis, 48 miles east of Hones- 
dale, western terminus of the canal, its builders faced 
the Shawangunk Mountains. Tunneling through this 
range would have permitted the bringing of the canal 
straight towards New York, its ultimate goal. But in 


1E. H. Cameron, “High Road to Brooklyn,” The Tech- 
nology Review, 48:419:(May, 1946); 48:487 (June, 1946). 
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view of the staggering difficulties of tunnel construc- 
tion in those days, the canal was planned to bend 
sharply to the northeast at this point, and to follow 
the valleys of the Neversink River and Rondout 
Creek out to the Hudson River at Kingston. But here 
the boats were almost as far from New York, as the 
crow flies, as they were where the canal started at 
Honesdale. The only gain was that the boats now 
floated in tidewater and could readily be towed to 
New York. Later, when the Erie Railroad was built 
through Port Jervis, it penetrated the Shawangunk 
Range through a tunnel; thus it was able to go 
straight to New York and to gain an economic advan- 
tage that, before very long, put the Delaware and 
Hudson Canal out of business. 


Up and Down 


Although the three canals to which this article is 
devoted meandered back and forth a good deal in 
order to follow contour lines and thus maintain a 
level bed, nevertheless they had to ascend and de- 
scend considerable distances in order to reach their 
goals. The Delaware and Hudson Canal descended 
from a 967-foot altitude at Honesdale, Pa., to 480 feet 
at Port Jervis, N.Y. Then it climbed back to about 530 
feet in the vicinity of Summitville, N.Y., and finally 
came down again almost to sea level at its end at 
Kingston. 

The Morris Canal climbed 830 feet from the Dela- 
ware River to Lake Hopatcong, its highest point and 
incidentally also its principal source of water. Then 
the Morris descended an equal distance to its termi- 
nation at Jersey City. The Delaware and Hudson 
achieved its ups and downs by means of conventional 
locks — 107 of them. But the Morris threw canal evo- 
lution into reverse by employing mostly inclined 
planes. Inclined planes were used on the canals of 
ancient China, whereas the canal lock was not in- 
vented until the Fifteenth Century. The manually op- 
erated locks on the boat canals had a practical limit 
of rise or fall of about 10 feet at the most. Greater 
depths not only would have resulted in an undue 
waste of water when boats locked through, but also 
would have necessitated lower gates too heavy for 
efficient operation. That is why the Delaware and 
Hudson Canal needed more than 100 locks to over- 
come a total change in level of some 600 feet. The 
Morris, contrariwise, had only 24 locks. Inclined 
planes, 23 in number, were used to achieve 1,438 feet 
of the total 1,661-foot rise and fall. Thus, on the 
average, the inclined planes each took care of a 
change in level of more than 60 feet. The planes 
worked by drawing the boats, one at a time, into 
cradles that ran on inclined tracks. The cradles were 
hauled to the top of the inclines by means of water 
power derived from the upper level of the canal. 

About 1830 both the Morris and the Delaware and 
Hudson were striving to obtain more stockholders in 
order to finance improvement and expansion of their 
facilities. They both issued promotional literature, 
written largely around the relative advantages of 
locks versus inclined planes. But both canals were 
put out of business by the railroads before the ques- 
tion was really resolved by long-term practical ex- 
perience. 
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Man, Boy, Horse, and Boat 


The 1826 annual report of the Morris Canal states 
that $4.00 per day was the fee paid for “man, boy, 
horse, and boat.” This sum covered wages for a man 
to steer the boat and a boy to drive the draft animal, 
feed and rental of the beast, and rental of one of the 
25-ton boats then in use. The loaded boats traveled 
some 20 or 25 miles a day, so 25 tons could be hauled 
20-odd miles for a direct outlay of $4.00! Thus is 
pointed up the main feature of canal transportation — 
low cost. 

The turnpikes of the prerailroad era served well 
enough for passenger transportation but were expen- 
sive for haulage of merchandise or freight. In 1800 
the cost of hauling goods 30 miles by road equaled 
that of transportation all the way from Europe by 
sea. At that time, coal could be brought from New- 
castle, England, to Philadelphia more cheaply than 
domestic coal could be brought from Virginia by 
road. When the Delaware and Hudson Canal was 
first opened, coal was brought by wagon from the 
Lackawanna Valley coal fields to the canal at Hones- 
dale. For this trip, a horse was able to move three 
tons of coal. Once at the canal, a horse was able to 
move a boat holding 50 tons of coal! True, the canals 
were frozen shut three or four months of each year, 
but in those days roads were impassable at least as 
long because of snow and spring freshets. 

In England, where some of the old boat canals are 
still in use, there is sentiment for a swing back to boat 
canal transportation, even today, with railroads oper- 
ating all year around. The basis of such reasoning is 
that the low friction of canal operation means low 
operating and maintenance costs. Moreover, a canal 
boat weighs only a fifth as much as its load, whereas 
a railroad car weighs from half to three quarters as 
much as its load. 


Coal at Their Heels 


The Duke of Bridgewater, English canal pioneer 
(whose canal, opened in 1761, launched the canal era 
in Great Britain), wrote: “A navigation [canal] 
should always have coals at the heels of it.” He ap- 
plied his own dictum in extreme measure, because 
his canal, designed to bring coal from Worsley to 
Manchester, actually entered his mine at Worsley, 
and ramified for some 40 miles underground. 

But the Delaware and Hudson, the Morris, and the 
Delaware and Raritan Canals all conformed to 
Bridgewater’s rule; Pennsylvania coal was at their 
heels, and hauling coal to New York was a major 
source of their revenue. They were built with this 
objective in view; thus is demonstrated remarkable 
vision on the part of their proponents, for, around 
1820, steam engines were few in number, central heat- 
ing of buildings did not exist, and wood for fuel pur- 
poses was plentiful. Indeed, the promoters of the 
Delaware and Hudson Canal found it necessary to 
arrange public demonstrations in New York of the 
virtues of their coal as a fireplace fuel. Moreover, in 
its first years, this canal actually carried more cord- 
wood for fuel purposes than it did coal. Yet in their 
heyday each of the three canals had to be widened 
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and deepened several times, their locks were recon- 
structed to accommodate larger boats, and they were 
operated after nightfall with the help of flares and 
lanterns in order to feed New York's insatiable appe- 
tite for coal. In 1872 the Delaware and Hudson car- 
ried a total of 1,700,403 tons of freight, of which 
1,409,628, or 82 per cent, was coal. 

The Morris Canal in 1845 carried a total of 58,259 
tons, of which 28,221 tons was coal. Six years later, 
1851, business had boomed so that 536,362 tons, in- 
cluding 298,011 tons of coal, were carried. Thus, 
while the total tonnage had increased about tenfold, 
the proportion represented by coal rose from 48 to 55 
per cent. 

Pennsylvania coal entered the Delaware and Rari- 
tan Canal in boats that were locked into the feeder 
canal at Lambertville, N.J. The boats originated at 
the coal fields at Mauch Chunk, Pa., whence they fol- 
lowed the Lehigh Canal for 47 miles to Easton, Pa. 
There they could either cross the Delaware River and 
enter the Morris Canal, or could proceed south on 
the Pennsylvania Canal. If they followed the latter 
course they could reach Philadelphia by remaining in 
the Pennsylvania Canal to its end at Bristol, Pa., then 
continuing to the city via the Delaware. If they were 
New York bound, they locked into the Delaware at 
New Hope, Pa., crossed the river to Lambertville, 
N.J., then locked into the Delaware and Raritan 
Canal feeder. 

In 1866, its peak year, the Delaware and Raritan 
Canal carried 2,857,233 tons of freight, of which 83 
per cent was coal. 


Passengers by Canal 


Today excursionists may take short but delightful 
trips on the Chesapeake and Ohio Canal near Wash- 
ington, D.C., er cu ihe Pennsylvania Canal near New 
Hope, Pa. Poth of these disused boat canals have 
been preserved as recreational waterways, and both 
are now equipped with scows having benches to 
accommodate sight-seers. These craft are towed by 
mules in authentic fashion. The one in Pennsylvania 
is steered by a man who was a mule boy when this 
canal operated commercially. 

On the old boat canals passengers were a minor but 
far from inconsequential item of traffic. Canal travel 
was slow, but immeasurably more comfortable than 
the alternatives — wagon or horseback via turnpike. 
Combined freight and passenger boats with crude 
accommodations carried people at low cost and ap- 
pealed to immigrants heading west. Deluxe packet 
boats provided for the more fastidious passenger, 
although he had to pay as much as $0.04 a mile — big 
money in the 1830’s. By using selected teams of 
horses, frequently relayed along the route, crack 
packet canal boats were able to average a dizzying 
four miles per hour. But by proceeding at night as 
well as by day, they were able to cover some 100 
miles in 24 hours. There was also good business in 
local travel; thus the Morris Canal had a thriving 
packet boat line running between Paterson, N.J., and 
Newark, N.]., a distance of 14 miles. The Morris also 
advertised a special summertime passenger feature — 

(Continued on page 164) 
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BUSINESS IN MOTION 
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When you drive into a gasoline station and ask the 
attendant to, “Fill ’er up’”’, you may not be aware of it, 
but in the storage tank beneath the concrete on which 
your car is standing there may be an electric motor 
and pump submerged in the gasoline. There is quite 
an interesting story about this explosion-proof motor. 

The use of the positive displacement type of pump- 
ing unit in service station operation has presented 
vapor-lock problems to. pump manufacturers for 
many years. And with the intro- 
duction of even more volatile gas- 
oline, present pumping systems 
have become inoperative in some 
applications. The use of a sub- 
mersible pumping unit in the gas- 
oline storage tank therefore has 
become not only desirable but 
virtually a necessity. 

In designing the pump motor 
for this type of unit a leading 
manufacturer had originally 
planned on using an aluminum 
casting for the stator, or outside 
shell of the motor. But when the design engineers 
considered the factors that would be encountered, and 
the symmetry of shape, it appeared that an aluminum 
extrusion might have advantages over a casting. 

At this point the manufacturer recalled the numer- 
ous Revere copper and brass parts they had been using 
in their motors over the years, with the utmost satis- 
faction, and how Revere’s T.A. (Technical Advisory) 
Service had often helped them with similar problems. 
The result was a huddle with a Revere Technical 
Advisor to discuss the various pros and cons of cast- 
ings versus extrusions. 








It was found that, by using extrusions there would 
be no problem of porosity which is often present in the 
case of castings. Substantial savings in weight would 
also be made as the wall thickness of the stator shell 
could be reduced, and the only machining would be to 
the ribs on the inside of the tube. With an extrusion 
no machining of the outside of the tube is required, 
which would be necessary should a casting be used, 
while the smoother surface on the inside improves flow 
characteristics. This is an impor- 
tant factor in this particular pump 
motor since the fluid being. 
pumped passes between the stator“ 
core and the extruded shell, while 
in the conventional submersible 
pump motor a double shell is used. 
Also, with the smooth surface of 
an extrusion, less horsepower is 
used to pump a given volume of 
fluid. The result was the hollow 
Revere Aluminum Extrusion you 
see sketched at left, measuring 
13-9/16" long by 3-1/2” O.D. 

Here you have still another example of Revere 
cooperating with the customer in selecting the right 
metal in the right form to do the best job with the 
greatest economy ... be it aluminum, copper or any 
one of their alloys. 

Not only the copper and brass industry but prac- 
tically every industry you can name is able to cite 
similar instances. So we suggest that no matter what 
your suppliers ship you, it would be a good idea to 
take them into your confidence and see if you cannot 
make a better product at lower costs by specifying 
exactly the right materials. 


REVERE COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 


um Executive Offices: 230 Park Avenue, New York 17, N. Y. 
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CONVEYOR FURNACE — Brazing 
and bright annealing are 
performed in this hydrogen 
atmosphere furnace. 


SALT BATH FURNACE — Im- 
mersed electrodes provide 
rapid and uniform heat for 
several heat-treating proc- 
esses requiring temperatures 
from 300° F. to 2300° F. 





VERTICAL RETORT FURNACE 
— A removable sealed re- 
tort makes this furnace 
ideal for carburizing, ni- 
triding, and many other 
heat-treating processes. 


HEVI-DUTY ELECTRIC COMPANY 


MILWAUKEE 1, WISCONSIN 
Harold E. Koch, 22, President 
Elton E. Staples, ’'26, Vice President 
Chester Meyer, °36, Assistant Secretary 
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THE OTHER THREE 
(Continued from page 162) 


cool rides on boats carrying ice from outlying ice- 
houses to the city. 

Perhaps some of the passengers on the boat canals 
were not insensitive to the exquisite scenery they 
floated through so tranquilly. Across the wooded or 
rustic countryside, the canals wound through verdant 
river valleys, sometimes entering rocky gorges. In 
July, 1841, Washington Irving traveled the length of 
the Delaware and Hudson Canal. From Honesdale 
he wrote ecstatically to his sister in Paris, saying in 
part, “For upward of ninety miles I went through a 
constant succession of scenery that would have been 
famous had it existed in any part of Europe.” 

Certainly some of the canal passengers preferred 
to stay out of doors during their trip; a memoir on the 
Erie Canal published in the 1820’s records that pro- 
tests were received from passengers about having to 
leave the deck every time their packet boats passed 
under one of the numerous low bridges which were 
built at minimal height in order to minimize the cost 
of construction. Also recorded is the indignant re- 
joinder of a canal official who replied that if the pas- 
sengers did not like it they could just stay off the 
canals, as there were plenty of excellent turnpike 
roads available expressly for their accommodation. 


The Canals Today 


The Delaware and Raritan Canal exemplifies the 
happiest of fates for a disused boat canal — preser- 
vation by public authorities as a park area. This 
canal may be seen by riders on the Pennsylvania 
Railroad’s busy main line between New York and 
Philadelphia, for where the trains cross the Raritan 
River at New Brunswick, N.J., the canal, running 
along the west bank of the river, is plainly visible 
from either side of the train. 

In 1934, two years after this canal was closed, the 
state of New Jersey took possession of it. At each of 
the locks a dam was built, equipped with sluice gates 
to pass flood waters. Thus the waterway, sheltered 
from the wind by its banks and, like all boat canals, 
having practically no current, became an ideal route 
for canoeists and fold-boaters, who easily portage 
their light craft around the dams that replaced the 
locks. 

Towpaths make inviting footpaths for the hiker — 
indeed, it was hiking that led the writer into his 
interest in canals. For engineering reasons that can- 
not be set forth within the space limitations of this 
article, the old boat canals were built at levels well 
above those of the rivers they paralleled. Thus, for 
the pedestrian, the towpath of the Delaware and 
Raritan Canal provides idyllic, ever-changing, bird’s- 
eye views of the Raritan and Millstone Rivers and 
their valleys. The path is accessible only to pedes- 
trians or canoeists; hence it teems with unharrassed 
fauna and flora. Its flora, alas, brings us to the anti- 
climax. Poison ivy has flourished on the towpath, 
whose sparse rocky soil is ideal for this vicious pest. 
The growth is so luxuriant as to make passage diffi- 

(Continued on page 166) 
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Magnetic drum 
storage unit 


The Importance of 
DIGITAL TECHNIQUES 


Digital techniques constitute one of the important devel- 
opments which have made possible the recent advances in 
computers and related equipment for computation, data 
processing, and industrial and military electronic control. 

Digital computers for scientific computation range from 
small specialized units costing a few thousand dollars, to 
large general-purpose computers costing over a million 
dollars. One of these large computers is a part of the Ramo- 
Wooldridge Computing Center, and a second such unit is 
being installed early this year. 

Electronic data processing for business and industry is 
tapidly growing based on earlier developments in electronic 
computers. Data processors have much in common with 
computers, including the utilization of digital techniques. A 
closely related field is that of industrial process control. To 
meet the needs in this field, Ramo-Wooldridge has recently 
put on the market the RW-300 Digital Control Computer. 

The use of digital techniques in military control systems 
is an accomplished fact. Modern interceptor aircraft, for 
example, use digital fire control systems. A number of Ramo- 
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input-output unit 


The Ramo-Wooldridge Corporation 


S730 ARBOR VITAE STREET * .OS ANGELES 45. CALIFORNIA 
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Clock generator and 
power supply unit 









Wooldridge scientists and engineers have pioneered in this 
field, and the photograph above shows the RW-30 Airborne , 
Digital Computer. 

The RW-30 is an example of what can be accomplished 
through the application of digital techniques in conjunction 
with modern semiconductor components. It performs com- 
plete mathematical operations, including multiplications, at, 
the rate of 4000 per second (as fast as large scientific com-; 
puters). Yet it occupies only 4.19 cubic feet, weighs 203 
pounds and uses 400 watts power. It is packaged in four 
separate units to facilitate installation in aircraft. The mag- 
netic drum memory has a capacity of 2607 21-bit words. 

The versatility inherent in digital techniques makes it pos-; 
sible for the RW-30 to handle such varied military aircraft; 
problems as navigation, armament control and bombing, and} 
combinations of these problems, without changes in the! 
RW-30 itself. i 

The RW-30 also serves to illustrate the balanced integra-' 
tion of systems analysis and product engineering which is a! 
principal objective at Ramo-Wooldridge. Similar programs 
are in progress on other airborne and electronic control sys-; 
tems, communication and navigation systems, and electronic: 
instrumentation and test equipment. Engineers and scientists} 
are invited to explore openings in these fields at Ramo-~ 
Wooldridge. 
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cult in winter and impossible in summer. But the 
State Conservation Department has made a start 
toward bulldozing the ivy from stretches of the path, 
and announces that ultimately complete clearance, 
and destruction of the poison ivy by means of 
herbicide spraying, will be undertaken. 

How can a state afford such extensive rehabilita- 
tion and maintenance of a defunct canal? New Jersey 
pays part of its bills for these activities by selling 
canal water. The levels of the Delaware and Raritan 
Canal are such that Delaware River water entering 
the feeder canal at Raven Rock flows the breadth of 
the state and empties into the Raritan. These water 
rights came into possession of the state when it 
took over the canal. The water is sold to industrial 
users along the canal route, and also to communities 
who have found that it can be made potable by 
suitable treatment. Currently the state sells 39.9 mil- 
lion gallons per day of the canal water, thereby 
gaining a revenue of more than $100,000 a year. 


Canal Memorabilia 


But even the canals that are totally derelict have 
left a lasting impress upon the landscape and upon 
the map. Their dead-level towpaths may be spotted 
by the discerning eye in woodland or in farmers 
fields, sometimes even within towns; and may often 
be followed for many miles, bringing one upon re- 
mains of locks and other memorabilia. Have you 
ever wondered why so many eastern towns, near no 
body of water, are called “ports”? Follow a chain of 
them with your finger on a map, and you will be 
tracing the course of an old canal; for these were 
once thriving canal ports. Thus, in New Jersey, Port 
Colden, Port Murray, Rockport, Port Morris, and 
others mark the route of the Morris Canal. 

Most of the former canal ports today are little 
more than names on the map; the names frequently 
do not appear on latest issues of maps made by the 
U.S. Geological Survey. Others, like Port Jervis, N.Y., 
have had a different fate. The locale of this com- 
munity was first just a junction of two rivers, called 
Carpenter’s Point. When the Delaware and Hudson 
Canal opened, a bustling canal port soon sprang up 
here and was named for John B. Jervis, chief engi- 
neer of the canal, who had learned his specialty 
helping to design the Erie Canal. The Erie Railroad 
put the quietus on the Delaware and Hudson Canal, 
but this railroad found Port Jervis to be a strategic 
location for extensive yards, shops, and roundhouses. 
The town survived, in time added manufacturing 
and summer hotels to its resources, and ultimately 
became a city. 


Old Canal Structures 


Use of the abandoned aqueduct of the Delaware 
and Hudson Canal, near Lackawaxen, for a highway 
bridge has been mentioned. For a time the city of 
Rochester, N.Y., had an abortive rapid transit sys- 

(Concluded on page 168) 
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Not only do many of the nation’s leading 
industrial companies — such as those listed 
above — buy VP Boilers, but also a long list 
of smaller companies and institutions have 
VP package boiler installations. 


'” The-choice of the “big” companies, how- 


ever, has some special significance. They buy 
boilers frequently—therefore, their experience 
is always up to date. They buy them in all 
capacities large and smail. Their require- 
ments justify employment of highly qualified 
engineering specialists — both staff men and 


outside consultants. Thus, they have the 
breadth of experience and the expert guid- 
ance requisite to making the soundest equip- 
ment selections. 

So—if you are in the market for boilers 
in the capacity range from 4,000 to 50,000 
pounds of steam per hour, we submit that 
you can buy with confidence the boiler chosen 
by so many of the nation’s largest industrial- 
ists —the C-E Package Boiler, Type VP. 
A new descriptive catalog, VP-3, is just off 
the press. Write for your copy. 


COMBUSTION ENGINEERING 


Combustion Engineering Building + 200 Madison Avenue, New York 16, N.Y. 


ALL TYPES OF STEAM GENERATING, FUEL BURNING AND RELATED EQUIPMENT; NUCLEAR REACTORS; PAPER MILL EQUIPMENT; PULVERIZERS; FLASH DRYING SYSTEMS; PRESSURE VESSELS; SOUL PIPE 
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BROOK wmoror 
Dynamically balanced rotors, pre- 
cision ground shafts, superior bear- 
ings, assure a smooth flow of power 
from a BROOK. Built to resist tem- 
perature extremes, moisture, oil and 
dust. NEMA specifications or better. 
From 1 h.p. to 600 h.p. 


FAST DELIVERY OF 
ALL POPULAR MODELS! 


Brook motors are available from 
warehouses at Chicago, Atlanta, Dal- 
las, Houston, Jersey City, Los Angeles, 
Lubbock, San Francisco, St. Paul, Salt 



















Lake City, Seattle, Memphis, Tampa, 
Pump Meter and other major distributing points. 






BROOK MOTOR CORP. 


3553 W. PETERSON AVE., 
oteily Encl CHICAGO 45, ILL. 





JUST PUBLISHED 


NEW ° ENLARGED ° REVISED 
EDITIONS OF 


Smoley’s Tables 


Time Savers for Designers & Builders since 1901. Check 
items of interest to you: 
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350 New Pages 


(1) Logs and Squares $ 6.00 
Parallel Tables increased 100’ to 300’ 

(] Slopes & Rises (Tables doubled) 6.00 
192 bevel pages increased to 384 

([] Log. Trig. Tables 1.50 
areas and circumferences extended 

([] Three Combined Tables 10.00 


[_] Segmental Functions E 5.00 
[[] Four Combined Tables 12.00 


Mail Orders & Inquiries to: 


C. K. Smoley & Sons, Inc. 


P.O. Box 14, Chautauqua, N. Y. 











THE OTHER THREE 
(Concluded from page 166) 


tem that ran in the dry bed of the old Erie Canal. 
Lock houses — dwellings for lock tenders—on the 
Chesapeake and Ohio Canal were built in enduring 
fashion from solid stone. When this canal became a 
public park, these buildings were offered for sale as 
homes; many have been bought by people who do 
not mind owning a house on land they can never 
own. Lock House No. 1, where this canal began, 
may be seen today in Washington near the White 
House at the corner of 17th Street and Constitution 
Avenue. It is perfectly preserved and duly labeled 
with bronze tablets as an historical site; but it also 
serves a utilitarian function as a public toilet. 

West of Port Jervis a resident has dammed a bit 
of the otherwise dry Delaware and Hudson Canal 
to make a sightly duck pond. The town of Waterloo, 
N.J., has similarly dammed and flooded a stretch of 
the Morris Canal that serves the townspeople as a 
swimming pool in summer and a skating pond in 
winter. Ice skating on a boat canal before the first 
snowfall is a special experience; the sheltered, cur- 
rentless water forms an ice of crystal transparency 
usually known locally as “black ice.” Skating on this 
surface, especially if none has gone before, is a sen- 
sation akin to free flight. Black is an appropriate 
funereal color for canal ice, as it was the freezing of 
the canals for several months each year that made 
them succumb before the competitive onslaught of 
the year-round railroads. 


Escape from Reality 


Aside from the interest of ice skaters, canoeists, 
hikers, and conservationists in preserving at least 
remnants of the boat canals, these old waterways 
have become a strong focus of that particular escape 
from rude present-day reality that finds its outlet in 
antiquarian interests. On October 18, 1956, at Buf- 
falo, N.Y., a Canal Society of New York was formed 
to pursue such nostalgic ends. 

Thus the old boat canals, though long gone from 
the scene, will probably not soon be forgotten. Will 
such a mellow fate befall the railroads, that in their 
day killed the canals, but are now locked in lethal 
struggle with air lines, busses, trucks, and pipe lines? 
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ape Massachusetts Mutual has made women three years 

t in younger than men—in terms of life insurance premium 

ee rates.* Why? Because women live longer than men. 

And the Massachusetts Mutual policy contracts 

rom continue to be outstanding for their quality, 

will flexibility, and liberality. 

heir 

thal ee Ask your Massachusetts Mutual man to show you what 

nes? , Ms Rachael our new premium rates can mean to you in year-after- 
year savings and in security for your family. Or call 
our General Agent listed under “Massachusetts 

ry a Mutual” in your phone book. 
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chi- *In a few states, because of statutory limitations, 

women will pay the same premium rates as men, but will receive 

inal higher dividends under our 1958 schedule. 
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Sangamo Electric Company 
offers you an exciting 
and challenging career 


Other MIT graduates*® have found satisfying opportunity 
and fitting rewards with Sangamo—a pioneer manufacturer 
of electric metering apparatus and control equipment. 
Sangamo has steadily grown in stature since 1899, through 
sound, progressive es engineering vision; and an 
outstanding reputation for quality of products. These in- 
clude electric meters, power capacitors, time switches, 
dynamotors, speeators, electronic capacitors, recording in- 
struments and military equipment. Besides the main plant 
in Springfield, others are situated at Pickens, South Caro- 
lina, and in Canada, England and Scotland. 


Now is the time to inquire about your opportunity at 
Senge. Ask your college placement officer or write di- 
rectly to Sangamo’s Training Director. 





© These MIT men hold important and worthwhile. positions with 
Sangamo Electric Company: 


Edward A. Leach, class of 1927 
Vice-president in charge Engineering 


Roy Ide, class of 1930 
Chief Chemist, Pickens Division 


Herbert nee. class of 1943 
hief Engineer 


SANGAMO ELECTRIC COMPANY 


SPRINGFIELD, ILLINOIS, U.S.A. 
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EXECUTIVE 


knows that all will go well 

at the plant because electrical 
construction and maintenance 
have been handled by 


A. J. WOLFE COMPANY 


2 Harris Avenue, Jamaica Plain 


Call JAmaica 4-1222 . . . Our 35th Year 
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vocationalized college training. The engineering or 
scientific specialties of today may not be those which 
will be important tomorrow. Thus, industry should 
search for minds with the capacity to grasp new 
ideas, rather than just for specialized technicians who 
can make an immediate contribution to problems 
which may be of only transitory urgency. 

It is difficult, of course, to spot this kind of talent 
just by interviewing the candidate for a few hours, 
giving him some tests, or even talking to his profes- 
sors who presumably know him best. The inter- 
viewer can screen out men who are too timid or too 
brash to be likely to succeed, but the interview is 
not much more than a salesman’s call. Psychological 
tests are useful, but they are more effective in de- 
termining shortcomings than in discovering high 
talent, and teachers unfortunately do not always 
know the students as well as you might assume. In 
the last analysis, motivation, emotional maturity, and 
intellectual capacity are best tested over time and in 
the light of resistances and pressures. For this reason, 
the really progressive companies attempt to employ 
men in the summer vacations before graduation. In 
this way, both the company and the man can test 
out each other. 

The placement and orientation of the new recruit 
is also of critical importance. There is, I feel, an 
overemphasis on immediate monetary offers in the 
attempt to attract and hold young men of high talent. 
And, as a rule, such young men are by temperament 
and education more concerned with individual ac- 
complishment than with automatic or across-the- 
board impersonal rewards. It is poor policy, I think, 
for a company to pay the same salary to all engineers 
of a type regardless of their relative contribution, for 
this merely wastes the value of differential rewards 
to men of particularly high talent who are most 
sensitive to the symbols of individual accomplish- 
ment. 

Furthermore, no amount of pay will satisfy the 
man who thinks that his time is being wasted, who 
feels that his supervisor does not understand the 
nature of professional work, who thinks that his op- 
portunities to learn are limited, or who fails to get 
individual credit for the itleas he advances. Indeed, 
the worst mistake in dealing with men of high talent 

(Continued on page 172) 
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Vacuum Drain Tank Ejector, 

built by Wheeler, which has been 

installed in the U.S.S. 1 

sister ship of the U.S.S. Forrestal 
above). 


JANUARY, 1958 








The U.S.S. Forrestal (above) and the U.S.S. Saratoga are both fitted with equipment engineered and built by C. H. Wheeler. 
The U.S.S. Ranger, the U.S.S. Independence and the U.S.S. Kitty Hawk, now under construction, will also be Wheeler-equipped. 


SUPERCARRIERS NEED “SUPER” EQUIPMENT 





Main Condenser (forward) on 
U.S.S. Saratoga. Nearly all 
U.S. Navy ships—even atomic 
submarines and supercarriers— 
have Wheeler equipment aboard. 
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The nation’s two new “‘super-equipped”’ super- 
carriers now afloat, the U.S.S. Forrestal and 
U.S.S. Saratoga, contain marine machinery 
custom-engineered and precision-built by C. H. 
Wheeler. The three supercarriers which are now 
under construction, the Independence, the 
Ranger and the Kitty Hawk, will also use 
Wheeler equipment. 

On the Saratoga are two Wheeler Marine 
Condensers, which in combination with newly- 
designed turbines, develop 200,000 horsepower 
to drive this beautiful 60,000-ton supercarrier 
in excess of 30 knots. Wheeler Anchor Wind- 
lasses, Ordnance Elevators, Capstans, Winches, 
Auxiliary Gland Exhaust Condensers and Dis- 
tilling Plant and Vacuum Drain Ejectors are 
also installed on the 1,040-foot Saratoga. 


Marine Division 
C:H-Wheeler Mfg‘ Co: 
19TH & LEHIGH AVENUE 
Philadelphia 32, Pennsylvania 
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is to assume that high pay automatically liquidates 
their interest in an idea. Another mistake is to at. 
tempt to stockpile high talent against times of high 
demand or rapid expansion — that is, to have a bunch 
of brains around on a stand-by basis. High talent, 
unlike materials and machinery, deteriorate rapidly 
if not used; it decomposes if it is denied the stimulus 
of growth; it requires accomplishment to keep its 
tone. 

Obviously, the man of talent must be handled 
carefully. Of course, he too has a lot to learn; his 
rough edges require some sandpapering. He must 
learn that the time span from a brilliant idea to 
change in production is usually quite long; and he 
must understand also the deliberate pace of a large 
organization, the uncertainties of communication, 
the delays involved in getting clearances, and the 
need for a certain amount of order and consistency 
in the handling of people. For this reason, his super- 
visor needs to be a good teacher as well as a good 
manager, and he must have the capacity to direct, 
rather than to stifle, aggressiveness and initiative on 
the part of the newly hired engineer or scientist who 
much-too-often has an all-too-high opinion of himself 
and a quite-too-low respect for the wisdom of his 
more experienced associates. Here again we are 
face-to-face with the problem of management and 
the selection and development of high-level super- 
visors, administrators, and executives. 

All corporations can help educational institutions 
do a better job in preparing persons for scientific and 
technical careers. They can establish closer connec- 
tions with colleges through arrangements for co- 
operative students and co-operative teachers. They 
can encourage students in high schools to prepare 
themselves better in mathematics, English, and 
science. And, of course, they can and should provide 
financial assistance to the institutions which are ca- 
pable of doing a good job. But, companies should 
not confine their interest to programs for increasing 
the numbers of technical people who enter and 
graduate from colleges. They should be even more 
concerned with the quality of talent being developed. 

Here again, I cannot stress too strongly the neces- 
sity for broad education of those planning to enter 
engineering, for firm grounding in mathematics, in 


(Continued on page 174) 
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How to beat the clock 
for $10,000,000 


Not least among the skills required to build a multi- 

million dollar process plant is the ability to make the eS 
whole intricate job come out on time. The day you sign LBC». 
a contract with Lummus, a group of specialists in the 

art of getting things done goes into action. Their work 

continues without let-up until the last instrument is re- 

cording process data. Here is another reason why it’s 

faster—and usually more economical—to let Lummus 

design, engineer and build your new plant than to risk 

your start-up date on a do-it-yourself approach. 


THE LUMMUS COMPANY 
385 Madison Avenue, New York 17,N.Y. HOUSTON * CHICAGO * MONTREAL © CARACAS * LONDON © PARIS * THE HASUE © BOMBAY 


ENGINEERS AND CONSTRUCTORS FOR INDUSTRY 








Solving a breakage problem 
AT CLOSE QUARTERS 





The manufacturer of this button-drilling machine had a 
tough problem: the universal joints on these parallel 
shafts carried such a torque load there were frequent 
complaints of breakage . . . yet the close centers pro- 
hibited use of a larger joint. The solution was a Curtis 
Universal Joint of the same size but higher torque. 

This is only one of many problems solved by Curtis 
Joints — size for size the strongest universal joints 
designed for industry. Selected materials, precision en- 
gineering, and over 30 years’ experience manufacturing 
universal joints make them that way. 


14 SIZES ALWAYS IN STOCK TRADE 
nso oe €¢ CURTIS 
(6” joints on special order) 
¢ 


Not sold th h dis- 

tributers. Write dire | UNIVERSAL JOINT CO., INC. 
8 Birnie Avenue, Springfield, Mass. 

As near to you as your telephone 


EXCLUSIVELY A MANUFACTURER OF UNIVERSAL JOINTS SINCE 1919 
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data and price list. 
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2235-2, ynterio Street 
Philadelphia 34, Pa. 
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scientific theory, in comprehensive use and under- 
standing of the English language, and also in the 
social sciences and the humanities. Industry will sell 
itself and the younger generation short if it advo- 
cates the crowding of the curriculum with too many 
practical courses, too much attention to techniques 
and gimmicks; in short, too much emphasis on voca- 
tional rather than upon basic education. The prac- 
tice or the art of engineering is not something that 
can or should be taught in college. In this respect, 
the demand on the part of some companies for more 
practical and more specialized trainiug in colleges 
is, in essence, an indication only that these compa- 
nies are not competent to undertake their rightful 
training responsibilities. 


Conclusion 


By way of conclusion, let us briefly examine the 
impact of the changing structure of man-power uti- 
lization upon our thinking in the field of industrial 
relations. 

For the past two decades, collective bargaining 
with manual workers has occupied the center of the 
industrial relations stage. Unions have directly or in- 
directly exerted pressure on all levels of manage- 
ment. As a consequence, there has been a virtual 
revolution in the handling of human relations in 
American industry. This has been decidedly bene- 
ficial. Unions are here to stay, and collective bargain- 
ing has become a permanent and necessary function 
in business operations. As a result, the freedom, dig- 
nity and worth of the individual worker in American 
society has been greatly enhanced. 

Much of our effort in the past has been directed 
toward treating the common man fairly and equally. 
Seniority systems have been created to eliminate 
favoritism and discrimination; job evaluation has 
been used to provide equal pay for equal work. In 
working on things such as general wage increases, 
call-in pay, overtime, compensation for work on 
Saturdays and Sundays, vacations, pensions, supple- 
mentary unemployment benefits, sickness benefits, 
and related matters, the concern has always been to 
establish rules for equal and nondiscriminatory treat- 
ment of the various categories of manual and clerical 


(Continued on page 176) 
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The 1955 
M.I.T. ALUMNI REGISTER 


(current until 1960) 


——— alphabetically within its 642 text-pages: 
47,210 living alumni (from Aall, Jacob ‘50 of 
Tvedestrand, Norway, to Zych, Edward A. °45 of 
Chicopee, Mass.); 11,968 deceased alumni (Abare, 
Lawrence P. ’30 to Zitz, Frederick C. ’95); 388 mem- 
bers of the Corporation since 1862; 9,119 members 
of the Faculty and Staff since 1865; and 196 officers 
and Executive Committee members of the Alumni 
Association since 1875. 





All alumni, living and deceased, are cross-indexed 
according to Class affiliation; and 44,274 alumni 
(94 per cent of those living) are cross-indexed geo- 
graphically according to their addresses as corrected 
to February 15, 1955. 





Ox of the designs by Samuel Chamberlain’18 for 
the M.I.T. Wedgwood dinner-service plates. . . 


Orders in sets of eight should. be placed with the bound edition is now out-of-print. . . . A limited 
Alumni Office, Room 1-290, M.LT., Cambridge 39, number of additional copies have been paper-bound 


Over 7,000 copies have been sold and the cloth- 


and orders at $6.00 per copy postpaid will be filled 


Mass., for delivery prepaid in the U.S.A. or Canada 
in order of receipt as long as the supply lasts by the 


at the following prices: 


On Queen’s Ware at $24.50 Alumni Association 


Limited edition of numbered sets Room 1-290, M.LT. 
on Bone China at $85.00 Cambridge 39, Mass. 





















BIW MISSILE WIRES & CABLES 
FLEXIBLE TELEMETERING CABLES 


BIW TYPES PFGF AND SRHT ARE THE BASES FOR A COMPLETE 


nt LINE OF WIRES AND CABLES PARTICULARLY DESIGNED FOR 
; —_— MISSILE APPLICATIONS. 
\ They range in size from #24 to #10 gauge with either 300 or 
\ ee 600 volt ratings. Two and three conductor cables are standard 
‘7 \ for telemetering with silver-plated copper shield and a protec- 
\f ‘ tive outer covering. 


Both types are made with highly abrasion resistant outer cover- 
7, © ing to withstand the high temperature and severe abuse of missile 
ees Fy service and installation. 

Normally these wires are given an operating temperature rating 
of 500°F. Where missile operation is of limited duration they 
withstand ambient temperature of 600°F for a limited period 
of time without failure of insulation. 


BIW Types PFGF and SRHT have proved to be superior in two years of use by 
major missile manufacturers. 
—— Write for Missile Wiring Catalog —— 
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labor. Above all, we have been interested in achiev- 
ing conformity and consistency. We have become 
skilled in the arts of classification and categorization. 
In fact, industrial relations practices may be plagued 
today with an ailment called “a hardening of the 
categories!” 

But, the skills and the concepts which have been 
useful in dealing with the common man are not al- 
ways those most appropriate for dealing with high- 
talent man power. Today, we have been talking 
about the engineer, the scientist, the professional 
person. He is the uncommon man, the atypical be- 
ing, the brainy guy, or the egg-head with queer but 
nonetheless valuable ideas. When you hire profes- 
sionally trained people today, you are hiring persons 
who by their education and their pre-employment 
indoctrination are individualists and inclined to be 
nonconformists. They want recognition as individ- 
uals, as originators of ideas — as professionals; they 
are not content to be dealt with by categories. 

In dealing with technical man power, therefore, 
one needs to know how to detect the differences 
rather than the similarities between people. Objec- 
tive discrimination and differential treatment are the 
vital skills required for selection and effective uti- 
lization of high-talent man power. But, it is far more 
difficult for a manager to deal with people differ- 


ently than to treat them uniformly. For the last 10 
years, industry has been trying to train managers to 
eliminate discrimination in order to treat all people 
fairly. Now, it is becoming necessary to help them 
differentiate in order to motivate outstanding in. 
dividuals substantially. 

There has been both understandable concern and 
wide speculation regarding the unionization of pro. 
fessional and technical personnel. Some forces tend 
to favor their unionization. For example, large aggre. 
gations of engineers and scientists are now employed 
in the rapidly expanding research and development 
laboratories. To the extent that they are treated like 
other large aggregates of workers, they may logically 
seek to organize for the purpose of bargaining col- 
lectively with management. Professional workers 
have both aspirations and grievances, aud they will 
not easily submit to the unilateral exercise of author- 
ity by any company. It is significant that the few 
unions of engineers and scientists which exist today 
have as one of their major goals in bargaining the 
recognition of the professional interest and status of 
their members. If management persists in thinking 
of them as a category instead of as individuals, then 
the movement toward unionization may gain mo- 
mentum. 

On the other hand, there is good reason to expect 
that professional personne] will not be organized. 
Engineers and scientists are in such short supply that 

(Concluded on page 178) 
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BORN: June 11, 1921. 


EDUCATION: Georgetown University, Foreign Service 
School, B.S., 1950. 


MILITARY: U.S. Marine Corps—Tech. Sgt., January '42 to 
°45. 


PREVIOUS EMPLOYMENT: March '48 to Sept. '48—U.S. 
State Dept. Oct. 
Dept. of Physics, Georgetown University. March '50 to 
Aug. '50—-Sales Trainee, Manufacturer of Electronic 
Business Machines. August '50 to August '5l——-Salesman; 
Business Machines. 


REMARKS: Rollins Wm. Miller, Jr., joined New York Life's Washington, D.C., 
office on August 1, 1951. Each year since, this personable ex—Marine's sales 
volume has qualified him for membership either in the Company's President's 
Council or Top Club. He is a Life and Qualifying Member of the industry-wide 
Million Dollar Round Table. This impressive record makes it seem certain 
that even greater success lies ahead for Bill Miller, as a New York Life 


'48 to June '49——Secretary, 








Bill Miller, after six years as a New York Life 
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they can force management to respect their interests 
as individuals. This has seldom been the case with 
manual workers. They have usually needed the help 
of government and the pressure of strong unions to 
force employers to meet their demands. Men of high 
talent, on the other hand, can use the pressure of the 
market to seek their ends. For this reason, perhaps, 
management will be impelled to deal intelligently 
with the grievances and aspirations of professional 
personnel before they come to feel that collective 
action would be necessary to bring pressure on their 
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employers. In other words, I am suggesting that im- 
provement in the management and motivation of 
high-talent man power probably will not wait upon 
unionization except perhaps in a few of our more 
backward enterprises. 

In any case, the future holds many intriguing 
problems and new challenges for the industrial rela- 
tions officer. As the staff adviser to top management 
on human relationships, he will have fresh oppor- 
tunities to make his highest contribution to his com- 
pany and to his country as an idea-man, as an 
innovator, and as a restless fellow more concerned 
perhaps with forward planning than with the par- 
ticular problems of the day. He can play his most 
strategic role as a thinker, a needler, and often a non- 
conformist. In the area of devising the means for the 
more effective management and motivation of high- 
talent man power, he has before him worlds to con- 
quer. And here, unlike the arena of collective 
bargaining, he may not find so many lawyers moving 
in to help him do his job! 


meissner 
{— e 


Processing plants. Bulk materials handling and storage. Conveying 
systems. Ore and minerals processing. Bridge, expressway and 
interchange design. 


JOHN F. MEISSNER ENGINEERS, inc. 


300 West Washington Street 
Chicago 6, Illinois 


R. C. MEISSNER °43 ANdover 3-1944 





LOCKWOOD GREENE 


ENGINEERS—ARCHITECTS 


Professional Service from Site Selection to Plant Completion 
Plant Location Studies 
Site Investigations 
Complete Design 
Supervision of Construction 





REPORTS APPRAISALS 
BOSTON, MASS. 
New York 316 STUART ST. Spartanburg, S. C. 
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PROFESSIONAL CARDS 





JACKSON & MORELAND, INC. 


Engineers and Consultants 





DESIGN AND SUPERVISION OF CONSTRUCTION 





REPORTS—EXAMINATIONS—APPRAISALS 





MACHINE DESIGN—TECHNICAL PUBLICATIONS 
BOSTON NEW YORK 


FAY, SPOFFORD & THORNDIKE, INC. 
Engineers 


Airports, Bridges, Turnpikes 
Water Supply, Sewage and Drainage 
Port and Terminal_Works, Industrial Buildings 
Designs Investigations 
Supervision of Construction 


Boston, Massachusetts 





GANNETT FLEMING CoRDDRY 


AND CARPENTER, INC. 
Engineers 
HARRISBURG, PA. 
Branch Offices: 
Pittsburgh, Pa. Daytona Beach, Fla. Philadelphia, Pa. 
Expressways, Toll Roads, Bridges and Airports. Traffic & 
Parking. Dams, Water Works, Sewage, Industrial Wastes 
and Garbage eee Appraisals, Investigations and 
eports. 


CLEVERDON, VARNEY & PIKE 


Consulting Engineers 


Hersert S. Crevervon °10 


Waspo F. Pres "15 
Joun A. Dow ‘23 Proctor *17 


, Hanoww E. 1 


Structural Designs Foundations 
Heating, Ventilating, Electric and Plumbing De- 
signs, Industrial Buildings, Reports, Investigations 


120 TREMONT STREET BOSTON 8, MASS. 





Eapiz, FrREUND & CAMPBELL 
Consuttinc ENGINEERS 
500 FirrH AVENUE New York 36, N, Y. 
Mechanical — Electrical — Sanitary 
Air Conditioning — Power — Process Layouts 
James K. Campbell *11 





METCALF & EDDY 


Engineers 


Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 
Airports, Laboratory, Valuations 
Statler Building, Boston 16, Mass. 


MAURICE A. REIDY 


Consulting Engineer 
BRIDGES BUILDINGS 
STRUCTURAL DESIGNS FOUNDATIONS 
CONSTRUCTION CONSULTANT AND ARCHITECTURAL ENGINEER 


Estimates and Appraisals 
101 TREMONT STREET BOSTON, MASS. 





Cares NELSON DEBES AND ASSOCIATES 
ENGINEERS AND CONSULTANTS 
Architectural — Mechanical — Electrical — Structural 
— Sanitary 
Industrial, Commercial and Municipal Projects 
915 EAST STATE ST. ROCKFORD, ILL. 
C. N. Denes "35 








THE KULJIAN CORPORATION 


Consultants e Engineers ¢ Constructors 


UTILITY @ INDUSTRIAL @ CHEMICAL 
Power Plants (Steam, Hydro, Diesel), Textile Plants, 
Water & Sewage Works, Oil Refineries, Pipe Lines, 
Army & Navy Installations, Air Fields, Hangars 
H. A. Kuljian "19 A. H. Kuljian "48 


1200 NO. BROAD ST., PHILADELPHIA 21, PA. 


Moran, Proctor, Mueser & RUTLEDGE 
CoNnsuULTING ENGINEERS 
Foundations for Buildings, Bridges and Dams; 
Tunnels, Bulkheads, Marine Structures, Soil Studies and 
Tests; Reports, Design and Supervision 
Wiuam H. Mueser °22 Pup C. Rutiepce °33 
415 Madison Ave., New York 17, N, Y. 








Fasric ReseEarcH LAsorarories, INc. 


Research, Development, and Consultation 
In the Fields of Fibrous, Organic, and Related Materials 
1000 Providence Highway Dedham, Mass. 
(At Route 128 and U.S. 1 Interchange) 
K. R. Fox, *40 


W. J. Hamoeuncer, °21 E. R. Kasweu, °39 


BREWER ENGINEERING LABORATORIES 


Consulting Engineers 


Electric Strain Gage Testing @ Stress Analvsis 
Strain Gage Amplifiers @ Strain Gage Switches 
High Temperature Strain Gages 


MARION, MASS. 
G. A. Brewer °38 


TEL. 103 
S. P. Cammack °S7 








GILBERT ASSOCIATES, INC. 


ENGINEERS AND CONSULTANTS 
607 WASHINGTON ST., READING, PA. 
Malcolm G. Davis °25, Vice President Allen W. Reid *12, E. C. Edgar °35 


Steam, Hydro, Diesel Power Plants; Industrial Structures; 
Plant Safety, Labor Relations, Utility Rates, Valuations, 
Reports; Large Scale Purchasing; Industrial Laboratory 


New York @ Washington 
JANUARY, 1958 





CapiroL ENGINEERING CORPORATION 
CONSULTING ENGINEERS 
Design and Surveys 
Roads and Streets 
Sewer Systems Water Works 
Planning Airports 
Bridges @ Turnpikes © Dams 
Executive Offices ‘ 
DILLSBURG, PENNSYLVANI 


Washington, D.C. Saigon, Vietnam Rochester, N. Y. 
Robert E. Smith "41, Vice President 
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and the peepee replied: 
“It is well to give when asked, but it is 
better to give unasked, through understanding.”* 





Gifts by Will 
TO THE 
Massachusetts Institute of Technology 


. 


The tale is told of Almustafa, the prophet, who, having awaited for many years the 
ship that would return him to the place from whence he came, was making the final 
descent to the shore when the folk of Orphalese crowded about him. They besought 
him before departing to “disclose us to ourselves, and tell us all that has been shown 
you of that which is between birth and death.” 

With words of wisdom, an answer appropriate was given to the woman holding 
a baby, to the ploughman, to the merchant. Begged one, “Speak to us of GIVING,” 
and the prophet replied: 

“It is well to give when asked, but it is better to give unasked, through 
understanding; 

And to the open-handed the search for one who shall receive is joy greater 
than giving. All you have shall some day be given; 

Therefore give now, that the season of giving may be yours and not 


your inheritors’. 

Through the years the prophet’s words have held true, for even today he who “through 
understanding” includes the MASSACHUSETTS INSTITUTE OF TECHNOLOGY as 
a beneficiary in his will can experience thereby a two-fold satisfaction. The successful 
culmination of his search for a worthy recipient and the anticipated results his generosity 
will assist in accomplishing. These satisfactions give an added value to the span of man’s 
days and project his usefulness to his fellowmen far into the future. 

The Massachusetts Institute of Technology because of the high quality of the education 
given its students, its effective research work for aiding America in peace as well as in 
war, and the high character of its governing body and academic staff qualifies as an insti- 
tution for serving our American ideals for the present and in the years to come. 

But the search, the finding, and the anticipated accomplishments are not enough; for 
without the properly-worded record, man’s plan for the future may go awry. Hence the 
prophet’s importuning, “— give now,” should be heeded. The giving need not be an 
immediate physical transaction, for written directions replace the spoken word when the 
speaker is no longer present, and a donor can frequently make by will a gift which is 
larger than he can make while living. Truly, “it is well to give when asked, but it is better 
to gwe unasked, through understanding.” 

A booklet “Gifts by Will,” outlining different forms of bequests to M.LT., is available 
to you or to your attorney by writing to: 


Director of Development 
Massachusetts Institute of Technology 
Cambridge 39, Massachusetts 
* “The Prophet” by Kahlil Gibran 
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FORMALDEHYDE ° CHARCOAL 
MAGNE SIUM © CAPROLACTAM 
UREA PRILLING ° ISOBUTANOL 
MELAMINE © ACETIC ANHY DRIDE 
NITRIC ACIG METHANOL 








CHLORIN \Y NAMIDE 
STEARY, B/C ACID 
SULFU [TRATE 
ME THY OHOL 
ISOPR HANE 
PHOSP C ACID 


DICYANDE: ULFATE 
HYDROGENAS C POTASH 
CALCIUM CARBIDE ° AMINES 
FATTY ACIDS ° ACETALDEHYDE 
DICHLORODIFLUOROME THANE 
MERCURY CELL CAUSTIC SODA 
AMMONIA ° CARBON BISULFIDE 
POLYVINYLACETATE # CHLORIDE 
NITROPHOSPHATE FERTILIZER 


CHEMICAL = r¥z YHDE CORPORATION 


PROCE 
- 350 FIFTH AVENUE , NEW YORK / 
DESIGN 
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Npecification ae 


Specifications never tell the complete story. 
Quality, for example, is not included, because it cannot be measured, only evaluated. 
Quality is made of many things the engineer’s approach to the design problem 
and how well he solves it . . . the workmanship that translates his thoughts into reality 
. . . the care and individual consideration given each product during calibration to 
assure exceptional performance .. . 

Adherence to these principles requires that all concerned with the 
instrument’s creation be dedicated to Quality — the intangible specification 
which at General Radio guarantees that every instrument is built to last. Since 
1915, the General Radio trademark has been a hallmark in the electronics 
industry. Behind it stands a company that has consistently produced the 


finest in electronic test equipment; a firm where Quality began as a 


principle, and has become a tradition. 


GENERAL RADIO Company 


Broad Avenue at Linden, Ridgefield, N. J. NEW YORK AREA 1000 N. Seward St. LOS ANGELES 38 
8055 13th St. Silver Spring, Md. WASHINGTON, D. C. 1150 York Road, Abington, Pa. PHILADELPHIA 
1182 Los Altos Ave., Los A!tos, Calif. SAN FRANCISCO 6605 W. North Ave., Oak Park, Ill. CHICAGO 
In CANADA: 99 Floral Parkway, TORONTO 15 
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